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EXECUTIVE SUMMARY

This document provides design information for the Demonstration Bulk Vitrification System
Main Off-Gas Treatment System as well as an overview of the system. This information is
provided in accordance with the requirements of Permit No. WA 7890008967, "PERMIT FOR
DANGEROUS AND OR MIXED WASTE RESEARCH, DEVELOPMENT, AND
DEMONSTRATION."

Specific design information is provided in this report for the Main Off-Gas Treatment System,
with details for installation and the Demonstration Bulk Vitrification System site to follow in a
separate installation package. Specific design information discussed in the report is presented in
the following areas:

. System description,

. System location,

. Structural calculation,

. System sketches,

. Design codes and standards,

* Waste assessment,

0 Controls,

* Secondary containment and leak detection,

. Corrosion assessment,

* Inspection schedule, and

, Installation assessment.

Where information regarding treatment, management, and disposal of the radioactive source,
byproduct material and/or special nuclear components of mixed waste (as defined by the Atomic
Energy Act of 1954, as amended) has been incorporated into this document, it is not incorporated
for the purpose of regulating the radiation hazards of such components under the authority of
Chapter 70.105 of the Revised Code of Washington and its implementing regulations but is
provided for information purposes only.
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2.5 MAIN OFF-GAS TREATMENT SYSTEM

The OGTS tempers, scrubs, condenses, consolidates, filters, chemically and catalytically treats,
and monitors the process off-gases before discharge to the atmosphere. The OGTS collects
gases, particulates, and vapors from the waste dryer condenser, the ICV box, the AWTE, the
waste receipt tanks, and the secondary waste tanks. In addition, the OGTS maintains flow
through, and a negative pressure relative to atmospheric within, the ICV box during processing.
The overall layout of the OGTS is shown on Drawing F 145579-36-V-0001 in Appendix C5.
Section 2.5.1 describes the components used for normal operations while Section 2.5.2 describes
the components for the emergency Bypass System which is used for upset conditions.

The emergency bypass is designed for emergency use and will only be used when the OGTS has
an unexpected shutdown, due to power loss or major equipment failure. Should this happen
automatic interlocks will stop the glassforming process by ceasing the melt feed and removing
power from the ICV box.electrodes. The same interlocks cause the Main OGTS to be bypassed
and direct remaining off-gas generated after the process shutdown through the emergency bypass
to discharge through the 155-fl stack. This shutdown process is designed to meet the permit
requirements stated in Part II, Section II.A.5.

To minimize emergency bypass usage the OGTS has been designed to be a very reliable system
with redundant equipment at key potential failure points (IEPAs, IIEGAs, Exhaust Fans, etc.).
For example, the SMFs, although normally operated in sequence, are capable of being bypassed
so that each can run while bypassing the other. The number of control valves has also been
minimized to improve reliability. The design of the system meets UBC seismic and code
requirements, resulting in enhanced quality specifications. Note: As used within this text, any
reference to the OGTS bypass implies OGTS emergency bypass.

2.5.1 System Description - Normal Off-Gas
Treatment System Operation

The OGTS is operated continuously, which results in a constant air sweep through the liquid
waste staging tanks and secondary waste storage tanks. During normal operations there are two
operating conditions for the OGTS: (1) ICV box is being processed and is connected to the
OGTS and (2) ICV box is not connected to the OGTS. Control during these operating conditions
is discussed in Section 2.5.8.

Before the addition of dried waste and processing, the electrodes are connected to the power
supply and the box vent port and the AWTE vent is connected to the OGTS. The off-gas from
the melting and cooling process is passed through sintered metal filters before being sent to the
OGTS wet scrubber skid. Particulates collected by the sintered metal filters are sent back to the
dryer.
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The filtered off-gas stream from the sintered metal filters is fed to the wet scrubbing system. The
gas is quenched with a dilute caustic (sodium hydroxide) solution to cool it before entering the
scrubber, which dynamically removes acidic gases and particulates. After leaving the scrubber,
entrained moisture in the off-gas stream is removed in a mist eliminator. The scrubbed off-gas
stream is then cooled in a condenser to remove additional moisture. Additional air is introduced
to the wet scrubber stream from the vents of the secondary waste storage tanks and from the
dryer condenser off-gas. The combined air streams enter a second mist eliminator and any
remaining entrained moisture in the off-gas stream is removed.

The off-gas stream is then heated to reduce the relative humidity, and filtered through two H EPA
filter banks in series. After the HEPA filters, the off-gas stream is drawn through a IEGA
carbon filter, which is used to adsorb any organic compounds and residual radioactive iodine.
From the H EGA filter, the off-gas stream is drawn through a polishing filter and then through the
SCR skid. The purpose of the polishing filter is to capture any "break-up" of the carbon filter
media and prevent the media from entering the SCR skid. The IEPA filter and HEGA filter
skids have redundancy, with the off-gas stream passing through one set of filters and adsorbers,
while the second set of filters and adsorbers are on stand-by.

Within the SCR skid, the stream is preheated by an air-to-air heat exchanger and then an electric
heater, in order to bring the off-gas to the required operating temperature before entering the
SCR. Anhydrous ammonia that is stored in a liquid ammonia tank is drawn through an atomizer
that mixes the vaporized ammonia with ambient air before the stream enters the catalyst bed. As
the off-gas passes through the catalyst bed, the NO. within the stream is reacted with ammonia
in a special catalyst bed to produce water vapor and nitrogen gas. The catalyst bed will also
provide high efficiency conversion of CO to CO2 in the off-gas stream. The hot off-gas stream
from the SCR continues through the exhaust side of the air-to-air heat exchanger to preheat the
incoming off-gas.

The treated off-gas from the SCR skid is discharged through the exhaust stack by one of two
parallel off-gas exhaust fans: one operating and the other on stand-by. Before being discharged
to the atmosphere, the off-gas stack monitoring system will sample the off-gas stream to measure
and totalize the discharge flow, temperature, and non-radioactive contaminants present such as
NO,, SO, CO, HC, Cl2, and total hydrocarbons being exhausted to the atmosphere. Analysis of
the off-gas stream for radioactive contaminants is performed at two locations: (1) record sample
for iodine and particulate is collected from the stack and (2) beta and gamma radiation are
measured just upstream of the SCR. Temperature limitation for the probe used for radiation
monitoring required relocation of the sample point from the stack (the SCR discharge
temperature exceeded capability of commercial units).

The DBVS RD&D permit application included a potential ammonia scrubbing system, indicated
in Figure B-3 of the application. This system was designated with a "Hold" because it was not
clear at the time of the application whether or not the ammonia scrubber system would be
required. Subsequent design and vendor information has determined that an ammonia scrubbing
system is not required. The ammonia concentration in the treated off-gas from the SCR will be
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monitored and the ammonia feed rates to the SCR will be adjusted as needed to ensure that
ammonia releases remain within limits. The OGTS consists of the following components:

* Sintered metal filter #1 (36-N02-019) and sintered metal filter #2 (36-N02-020),

* Wet scrubber skid (36-D58-002) which consists of the following:

- Quencher (36-N83-034),

- Scrubber Feed Tank (36-D74-052),

- Heat Exchanger (36-D30-046),
- Venturi Scrubber (36-N73-035),

- Mist Eliminator #1 (36-N24-036),

- Scrubber Condenser (36-D10-040),

- Mist Eliminator #2 (36-N24-041), and

- HEPA Filter Heater (36-N84-042).

* H EPA filter skid (36-D58-114) which consists of the following:

- HEPA Filter #1 (36-NO2-114A) was 36-N02-043,

- HEPA Filter #2 (36-NO2-114B) was 36-N02-045,
- HEPA Filter #3 (36-N02-114C) was 36-N02-044, and
- HEPA Filter #4 (36-N02-114D) a new filter.

* HEGA filter skid (36-D58-109) which consists of the following:

- Carbon Filter #I (36-N02-064),

- Polishing Filter #1 (36-N02-079),
- Carbon Filter #2 (36-N02-106), and

- Polishing Filter #2 (36-N02-107).

* SCR skid (36-D58-105) which consists of the following:

- SCR Heat Exchanger (36-D30-077),
- SCR Heater (36-N84-078A and B), and

- SCR Catalyst Bed (36-D59-003).

* Exhaust fan #1 (36-N31-025) and exhaust fan #2 (36-N31-026),

* Exhaust stack (36-N26-024),

* Stack monitoring system,

2-53



RPP-24544 REV Id

OGTS bypass which consists of the following skids:

- OGTS Bypass Bleed Skid (36-D58-140),

- OGTS Bypass Filter/Fan Skid #1 (36-D58-138), and
- OGTS Bypass Filter/Fan Skid #2 (36-D58-139).

2.5.1.1 Sintered Metal Filters (Specification 143643-V-SP-002). Two sintered metal filters
connected in series filter the particulate emissions from the ICV box and AWTE. The
particulates trapped by the sintered metal filters are returned to the waste dryer using the vacuum
in the dryer as the motive force. The two sintered metal filters in the series arrangement are
rated for 99.97 percent efficiency for removing particles above 0.3 microns. Each filter will be
capable of rejecting material when back-pulsed. The sintered metal filters are normally operated
in series to achieve the required particulate removal.

The sintered metal filters are supported by the melt area structure. (Structure described in
Section 2.4.)

2.5.1.2 Wet Scrubber Skid Assembly (Specification 145579-D-SP-037). The wet scrubber
skid consists of the process airflow treatment equipment. The process airflow treatment
equipment (wet scrubber system), consists of a quencher (36-N83-034), a venturi scrubber
(36-N73-035), a mist eliminator (36-N24-036), a liquid cooled condenser (26-DI0-040), another
mist eliminator (36 N24-041), and finally a IEPA filter heater (36-N84-042). The condenser is
a finned tube heat exchanger with a chilled water/glycol solution circulated to an air-cooled
chiller for the condenser cooling source. The H EPA filter heater is an electric resistance heater
used to heat the off-gas to reduce the relative humidity before the IEPA filter trains.

The wet scrubber system also contains a scrubber tank (36-D74-052); an off-gas caustic storage
tank (36-D74-0l0); and a heat exchanger (36-D30-046). The quench solution and scrubber
solution is pumped from the scrubber tank to the quencher and the scrubber. The quench and
scrubber solution are piped to the heat exchanger where heat is removed from the solution before
returning to the scrubber tank. The condenser is a shell and tube heat exchanger with a chilled
water/glycol solution circulated to an air-cooled chiller for the condenser cooling source. The
pH level in the scrubber tank is monitored and adjusted by making up caustic from the caustic
storage tank and bleeding excess solution to the scrubber bleed tanks.

The off-gas caustic storage tank (36-D74-010) is supplied caustic solution from the 15 percent
NaOll solution tank (36-D74-113; see Technical Data Sheet 145579-D-DS-058.5 in
Appendix G5.) The off-gas caustic storage tank is manually filled to achieve a 5 percent NaOl
solution in the tank.

The wet scrubber system will be installed in an insulated enclosure. The wet scrubber system
enclosure will be heated by an electric resistance heater for freeze protection at a minimum of
40 *F, and cooled for equipment protection by a split system ductless air conditioning system at a
maximum of 85 *F.
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The secondary containment requirement for the wet scrubber assembly shall be capable of
containing at least the total capacity of the caustic recirculation system inventory. The wet
scrubber skid assembly will have leak detection capability and a pump-out port for removal of
any liquid contained in the skid assembly. The sump will be designed such that 1.5 gal of liquid
will provide a pool depth of at least 1 in. The secondary containment shall have a minimum
1/8-inift slope toward the side with the sumps. Leak detection shall provide dry contacts to the
MCS termination panel or be part of a packaged system alarm status signal.

The wet scrubber skid will be located on the off-gas treatment equipment concrete
Foundation #13 as shown on Drawing 11-14-106796 in Appendix C5.

The 15 percent NaOH storage tank is located north of the wet scrubber skid on concrete
Foundation #22 as shown on Drawing 11-14-106800 in Appendix C5.

A chilled water/glycol solution is provided to the wet scrubber skid condenser from an air-cooled
scroll chiller and chiller pump skid. The off-gas chiller pump skid consists of a chilled water
pump, surge tank, and overflow tank. For information on the off-gas chiller pump skid, see
Specification 145579-V-SP-01l I and Technical Data Sheets 145579-V-DS-01 1.1 and -011.2 in
Appendix G5. The air-cooled scroll chiller is a commercial chiller specified in Technical Data
Sheet 145579-V-DS-012.1 (Appendix GS). The off-gas chiller pump skid and air-cooled chiller
are located on the Off-Gas Treatment equipment Foundation # 13 as shown on Drawing
F-145579-36-V-0001 in Appendix C5.

2.5.13 IIEPA Filter Skid (Specification 145579-D-SP-036). The IEPA filter skid consists of
two parallel filter trains: one train normally operating and one on standby. The H EPA filter skid
includes two pneumatically operated butterfly valves (36-IHV-309 and 36-H V-313), two round
duct to rectangular transitions, two inlet test sections, two H EPA filter banks in series
(36-N02-114A and 36-N02-114B), two combination test sections, two IEPA filter banks in
series (36-N02-114C and 36-N02-114D), two outlet test sections, and two rectangular to round
transitions. Each filter train will be configured in a two-high by two-wide filter arrangement to
accommodate the process flow and be completely assembled on a structural steel frame.

The IEPA filter skid also contains a condensate collection system consisting of a condensate
tank, valved condensate drain lines from each of the IIEPA filter train sections, a condensate
removal pump, and secondary containment. The condensate tank and secondary containment
will include provisions for level instrumentation.

The IIEPA filter skid assembly will be located on the off-gas treatment equipment concrete
Foundation #13 as shown on Drawing F-145579-36-V-0001 in Appendix C5.

2.5.1.4 IIEGA Filter Skid (Specification 145579-V-SP-010). The IEGA filter skid consists
of two parallel filter trains: one normally operating and one on standby. The II EGA filter skid
includes two round to rectangular transitions, two inlet test sections, two IIEGA filters
(36-NO2-064 and 36-N02-106), two combination test sections, two 80-percent polishing filters

a (36-NO2-079 and 36-N02-107), two outlet test sections, two rectangular to round transitions, two
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butterfly valves, and two pneumatically operated butterfly valves. Each IEGA filter train will
be configured in a two-high by two-wide filter arrangement to accommodate the process flow
and be completely assembled on a structural steel frame. The purpose of the HEGA filter is to
adsorb organic compounds and radioactive iodine. The polishing filter will capture carbon
particles from the IEGA filters, due to filter degradation, to prevent carryover into the SCR skid.

The HEGA filter skid will be located on the off-gas treatment equipment concrete Foundation #13
as shown on Drawing F-145579-36-V-000I in Appendix C5..

2.5.1.5 Selective Catalytic Reduction Skid (Specification 145579-V-SP-001). The SCR skid
(36-D58-105) will be used to remove the NO. and CO from the off-gas stream. The SCR
consists of an air-to-air heat exchanger (36-D30-077), used to preheat the off-gas inlet air stream;
an electric in-line heater (36-N84-078), which is used to heat the off-gas air stream to the
required catalyst reaction temperature; an SCR unit containing the catalyst bed (36-D59-003),
used to aid the reaction of the NO, and CO with the ammonia; an ammonia atomizer, used to
atomize the ammonia in the high-velocity air stream; and an ammonia supply tank (36-D38-008),
used to store ammonia and supply the ammonia atomizer.

The SCR skid will be located on the off-gas treatment equipment concrete Foundation #13 as
shown on Drawing F-145579-36-V-0001 in Appendix C5. The ammonia tank and ammonia
vaporizer will be located south of the SCR skid on the liquid ammonia storage tank
Foundation #12 as shown on Drawing 11-14-106796.

2.5.1.6 Exhaust Fans (Specification 145579-V-SP-004). The OGTS includes two exhaust fans
(36-N31-025 and 36-N31-026): one fan operates continuously and the other is on standby. The
exhaust fans provide the motive force to move the exhaust gases and vapors through the OGTS.
The exhaust fans are direct drive configuration, centrifugal type. Variable frequency drives will
be used with the exhaust fans during start-up.

The OGTS exhaust fans are located north of the SCR, adjacent to the exhaust stack, on concrete
Foundation #10 as shown on Drawing 11-14-106796 in Appendix C5.

2.5.1.7 Exhaust Stack (Specification 145579-V-SP-005). The OGTS exhaust stack
(36-N26-024), is designed to disperse the quenched, filtered, and scrubbed off-gas to the
atmosphere without disturbance to local air conditions. The exhaust stack will also provide the
location for the stack monitoring system sample probes and air velocity probes. The exhaust
stack includes lightning protection, ladders, platforms, gas sampling ports, velocity ports,
drainage ports, support rings, access doors, and supports. The OGTS exhaust stack has a 48-in.
outside diameter at the base, and a 24-in. outside diameter at its exit, and discharges 155 ft above
grade. The exhaust stack is shown on Drawings F-145579-36-V-0007 and 36-V-0033 in
Appendix CS.

The OGTS exhaust stack is located north of the SCR on concrete Foundation #10 as shown on
Drawing 11-14-106796 in Appendix C5.
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2.5.1.8 Off-Gas Stack Monitoring System (Technical Data Sheets 145579-F-DS-002.1 and
145579-F-DS-002.2). The OGTS stack monitoring system will analyze the off-gas stream,
collect data and samples for regulatory reporting, provide feedback for the performance of the
OGTS, and provide warnings to personnel in the event of elevated exhaust stack emissions. The
stack monitoring system consists of the following components:

* Continuous radiation monitor,

* Record sampler(s),

. Continuous gas emissions monitor,

* Record sampling for stack particulate: P-1 0 (sub 1 0-micron particle),

0 Off-gas stack flow measurement,

0 Off-gas stack temperature measurement,

0 Shrouded sample probes,

* Heat-traced sample transport lines, and

0 Cabinets/enclosures required to house and protect equipment.

The stack monitoring system shrouded sample probes, stack off-gas temperature measurement,
and off-gas stack flow measurement devices will be located in the OGTS exhaust stack. The
radiation record sampler, continuous gas emissions monitor, continuous stack particulate
collection device, hardware, and software will be located in cabinets at the base of the OGTS
exhaust stack.

The OGTS continuous radiation monitor will monitor the off-gas for beta and gamma sources.
The continuous Radiation Monitoring System shrouded probes, and flow measurement devices
will be located in the OGTS duct between the IEGA filter skid and the SCR. The OGTS
continuous gas emissions monitor will mbnitor the off-gas for NO,, SO2, HCl, CO, total
hydrocarbons, C12, and Ni13, among others.

2.5.2 System Description - Off-Gas Treatment System Bypass Operation

The OGTS Bypass System is designed to provide continuous flow through the ICV box to the
exhaust stack. This system is engaged if flow into the ICV box falls below a target level. Once
engaged, gases from the process are drawn from the ICV box through IEPA filters and then
discharged through the Exhaust Stack. Figure 2-1 illustrates this bypass around the Main OGTS
components. The Bypass System provides a means to protect co-located workers by confining
toxic gases and discharging the gases through the 155-fl Exhaust Stack.

To ensure that the Bypass System provides immediate gas flow from the ICV box, one of the two
fans is always running. Air is drawn through a II EPA filter, located on a skid near the Melt
Area. When valves switch the flow path from the Main OGTS to the Bypass System, there is
still some flow through the IIEPA filter, but the majority of the flow is now from the ICV box.
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This operational approach minimizes the lag time for establishing flow from the ICV box
through the Bypass System.

The Bypass System is comprised of the following Components:

0 OGTS Bypass Bleed Skid (36-D58-140), which consists of the following:

- OGTS Bypass Bleed Heater (36-N84-140),

- OGTS Bypass Bleed Pre-Filter (36-N02-135), and

- OGTS Bypass Bleed HEPA Filter (36-NO2-134).

* OGTS Bypass Filter/Fan Skid #1 (36-D58-138), which consists of the following:

- OGTS Bypass Pre-Filter #1 (36-N02-136),
- OGTS Bypass H EPA Filter #1 (3 6-NO2-131), and

- OGTS Bypass Fan #1 (36-N31-130).

* OGTS Bypass Filter/Fan Skid #2 (36-D58-139), which consists of the following:

- OGTS Bypass Pre-Filter #2 (36-N02-137),
- OGTS Bypass H EPA Filter #2 (36-NO2-133), and

- OGTS Bypass Fan #2 (36-N31-131).

The functional and design requirements for the Bypass System are contained in Specification
145579-V-SP-017 (See Appendix G5). To ensure that power is always available to the Bypass
System fans, the Bypass System also includes an Uninterruptible Power Supply, Diesel
Generator, and Automatic Transfer Switch (see Data Sheets 145579-E-DS-0 13.01, 145579-D-
DS-067.01, and 145579-E-DS-013.02, respectively, in Appendix G5). The condition that
triggers flow through the Bypass System is discussed in Section 2.5.8.6. This condition also
triggers other actions that stops the processing of waste (melt power is switched off, waste feed
from the dryer stops, and the drying of waste stops). These additional actions are discussed in
Sections 2.4 and 2.6.

2.5.3 Location

The OGTS is located throughout the DBVS site. The OGTS extends from the inlets for the
AWTE and ICV box, to the sintered metal filters and then north and west to the wet scrubber
skid, which is oriented east to west. The OGTS proceeds west through the IIEPA filter skid,
H EGA filter skid, and the SCR skid, before running north to the exhaust fans and exhaust stack.
Vents from the Liquid Waste Staging and Secondary Waste Storage Tanks are tied into the
OGTS at locations prior to, and into, the Wet Scrubber Skid. The OGTS site layout is shown on
Drawings F-I 45579-36-V-0001, -0002, -0003, -0004, -0005, -0006, -0007, and -0008 in
Appendix CS.
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2.5.4 Calculations

The OGTS equipment will be analyzed and designed in accordance with ASME AG-1. The
calculations will demonstrate that equipment will withstand applied loads without loss of
integrity or release of radioactive/hazardous material. The structural analysis requirements for
the different OGTS components are identified in the specifications (Appendix G5). Foundation
calculations for all of the off-gas components, with the exception of the off-gas stack foundation,
have been reviewed and approved as part of the foundation submittal for site improvements.

Mechanical calculations performed for the OGTS will be prepared in accordance with
requirements in ASME AG-, B31.3, or ASME STS-la-2003 as contained in the specifications.
Calculations will include the following areas as applicable:

* Pipe/housing wall thickness calculations for pressure;

. Stress calculations for sustained loads because of pressure, dead load, and any
other sustained loads;

* Stress calculations for displacement stresses, such as thermal loads; and

* Stress calculations for occasional load such as pressure, dead weight, other
sustained loads, and earthquake loads.

Stress calculations for the interconnecting ductwork from the AWTE to the inlet of the exhaust
stack are contained in 145579-V-CA-005 (see Appendix A5). Stress calculations for the
interconnecting ductwork associated with the Bypass System are contained 145579-B-CA-023
(see Appendix A5). Calculation 145579-V-CA-005 evaluates the ductwork against the
requirements from ASME AG-1.

Mechanical calculations will also account for compatibility of the selected material components
with the waste material to be handled, and assess if an allowance is required for corrosion, or
other wear (such as erosion), in the design of the system. Additional calculations that may be
performed, if applicable for the assembled system, include: pump sizing, valve actuator sizing,
and wear allowances.

A material balance calculation (Calculation 145579-A-CA-004) for the overall DBVS process
was discussed in Section 2.2.3.2. This calculation covers the OGTS for normal operations.
Pressures in the OGTS components and ductwork are contained in Calculations
145579-D-CA-061 and 145579-D-CA-056 (for Bypass System) (see Appendix A5). The
estimated loading for the carbon filters on the IEGA Filter Skid is contained in
Calculation 34005-CA-0001 (See Appendix A5).

2.5.5 Tank System Sketches

2.5.5.1 Wet Scrubber System Skid Tanks. The wet scrubber system includes one circulation
tank (36-D74-052) and an off-gas caustic storage tank (36-D74-Ol0). The circulation tank
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contains the solution for the scrubbing and quenching of the process air stream. The wet
scrubber caustic solution tank contains a 5 percent NaOl solution to maintain the circulation
tank pH. Details for the tanks will be developed by the fabricator based on specification
requirements and process equipment needs.

The off-gas caustic storage tank (36-D74-Ol0) is fed from the 15 percent NaOH solution tank
(36-D74-113) which is a double-walled chemical storage tank.

2.5.5.2 H EPA Filter Skid Condensate Tank. The IIEPA filter assembly skid includes a
condensate tank with secondary containment. Details for the tank and containment will be
developed by the fabricator based on specification requirements and process equipment needs.

2.5.6 Design Codes and Standards

The design codes and standards that apply to the OGTS are identified in Table 2-8 below.
Applicable and relevant portions of the design codes and standards are flowed down into the
specifications, drawings, and calculations. See Section 3.0 for complete reference information.

Table 2-8. Design Codes and Standards for the Main Off-Gas
Treatment System. (2 sheets)

b e tI~~~~~~iib CIgonth d F o r< S ian d a r'd -e 4 S t1

10 CFR 830 ASNT SNT-TC-IA DOE/RL-92-36
10 CFR 835 ASTMA480/A480M DOE-IIDBK-1 169
29 CFR 1910 ASTM A 516/A 516NM ERDA 76-21
40 CFR 264 ASTM D 2854 IINF-2962
40 CFR 60 ASTM D 2862 IINF-SD-GN-ER-501
40 CFR 61 ASTM D 3803 IEC 61000-4-2
47 CFR 15 ASTM D 1056 IEEE C62.41
AATCC Test Method 27 ASTM F 436 IEEE C62.41.1
AISC (Allowable Stress Design) ASTM A 105/A 105M IEEE C62.42.2
AISC (Load and Resistance ASTM A 106 IEEE Std 141

Factor Design) ASTM A 108 IEEE Std 142
ANSI C63.16 ASTM A 176 IEEE Sid 242
ANSI FCI 70-2 ASTM A 182/A 182M IEEE Std 519
ANSI Y14.I ASTM A 193/A 193M IEEE Std C37.90.2
ANSI Y14.5M ASTM A 194/A 194M IESNA H1B-9
ANSI/ASIIRAE 87.1 ASTM A 234/A 234M IP-2
ANSI/Ill 3.1-3.5 ASTM A 240/A 240M ISO 668
ANSI/ll 3.6 ASTM A 269 ISO 161
ANSI/IIPS N13.1 ASTM A 276 ISO 1496-2
ANSI/IIPS N41.18 ASTM A 307 MSS SP-67
ANSI/IIPS N317 ASTM A 312/A 312M MSS SP-72
ANSI/IIPS ASTM A 325 MSS SP-82
N323ANSI/IESNA RP-7 ASTM A 354 NEMA MG-I
ASCE 4-98 ASTM A 36/A 36M NEMAMG-13
ASCE 7-98 ASTM A 403/A 403M NFPA 90A
ASIIRAE Fundamentals Ilandbook ASTM A 500 NFPA 91
ASME AG-I ASTM A 53/A 53M NFPA 70
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Table 2-8. Design Codes and Standards for the Main Off-Gas
Treatment System. (2 sheets)

ASME B31.1
ASME B31.3
ASME N509
ASMEN510
ASME STS-la-2003
ASME B&PV Code

Section IX
Section VIII

ASME B16.5
ASME B16.9
ASME 1316.11
ASME B18.2.1
ASME B18.2.2
ASME B30.20
ASME 1331.3
ASMENQA-1, 1994
ASME PCC-1

ASTM A 563a
ASTM A 569
ASTM C 518
ASTM D 380
ASTM D 991
ASTM D 1621
ASTM D 1622
ASTM E 285
ASTM E 84
ASTM E 96
ANSI/AWS 1.3-98
AWS D9.1/D9.2M:2000
AWS D9.1
AWS D1.1/D.LIM
AWS D1.6
AWS QC-1

RPP-8530
RPP-17403
SAE J429
SAE J534
TFC-ENG-STD-06
TFC-ENG-STD-21
UBC, 1997
UL 508A
UL 900
UL-listed
WAC 173-303-640
WAC 173-460
WAC 246-247

2.5.7 Waste Assessment

The off-gas air stream properties expected to be encountered by the OGTS are summarized in
Table 2-9.

Table 2-9. Air Stream Properties Entering OGTS Components.

'<SPntojitdiede' WiScrubber IEPA ild A HES CR7Skid
- i pnteed]eeta --ie Skid'. Skid

Design Air Flow Rate, acfm 536 3,115 4,560 7,692
Estimated Temperature OF 572 (300 *C) 134 (57*C) 167 (75 *C) maximum 128 (53 C)

Estimated Pressure in. w.g. -2.6 -13.6 -85.1 -96.2

Air Sallm aiemliillutve lcJ mp7 ______________

S2 (ppmV) 721 72 2 1.1
NO, (ppmV) 69,951 6,930 6,125 3,425
11C] (ppmV) 70 7 0.15 0.08
IIEGA = high-efliciency gas adsorber.
IIEPA - high-efficiencyparticulateair.
ppbM - parts per billion by mass.

ppmV - parts per million by volume.
TRU - transuranic.
w.g. - water gauge.

The OGTS is capable of handling the gases, vapors, and particulates expected to be entrained in
the off-gas. The OOTS is also capable of handling the pressures and temperatures expected to be
encountered during operation, standby, and off-normal conditions.

2-61



RPP-24544 REV Id

2.5.8 Controls

Controls for the Main OGTS stream, Bypass System, pressure control, and an overview of the
interlock philosophy for the OGTS are described in the following sections. Reference to specific
instrumentation and loop diagrams are provided to assist the reader; however, it should be noted
that these "currently assigned identification numbers" may change as detailed fabrication
information is received from the suppliers of equipment.

Figure 2-1 provides an overview of the OGTS and the interface of the OGTS with various DBVS
systems. Details for the systems that interface with the OGTS are discussed in Sections 2.1, 2.2,
2.3, 2.4, and 2.6. The OGTS is a constant-volume system. The primary exhaust fan will operate
continuously at a fixed revolution per minute, except during start-up when a variable frequency
drive is used to ramp the fan to its normal operating condition. The stand-by fan will operate at
the same conditions as the primary fan if the primary fan fails to provide operational flow and
pressure. System flow is balanced using IEPA-filtered ambient air inlets at various locations
before the final HEPA filter skid, and 80-percent efficient (medium efficiency) filtered ambient
air inlets downstream of the HEPA filter skid as shown on Figure 2-1 and the P&IDs. The
OGTS is designed for pressures as stated in specifications and data sheets (see Appendix G5).
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During ICV melt operations, the following OGTS components will be in operation:

I. Sintered metal filters number I and number 2 (36-NO2-019 and 36-N02-020);

2. Wet scrubbing system consisting of the quencher (36-N83-034), dynamic scrubber
(36-N73-035), mist eliminator #1 (36-N24-036); scrubber condenser (36-DI0-040);

3. The mist eliminator (36-N24-04 1);

4. The IJEPA filter heater (36-N84-042);

5. One bank of IIEPA filters (two H EPA filters in series);

6. One bank of HEGA and polishing filters;

7. The SCR unit;

8. One exhaust fan;

9. The stack monitoring system; and

10. One bypass filter/fan system.

During normal operating conditions (both during melting and when an ICV box is not located
under the AWTE) the damper for air inlet 36-NO2-022 is adjusted to maintain a volumetric flow
rate through the SCR and to reduce the concentration of NOx to the SCR design limits
(36-HV-504). Dampers for air inlet filters 36-NO2-101 and 36-NO2-102 are adjusted to provide
a constant gas stream flow entering the wet scrubber skid (see 36-FV-01 6 on Drawing
F-145579-36-A-0099 in Appendix D5). The damper 36-TV-014 for inlet filter 36-NO2-049 is
normally closed. If the temperature entering the Sintered Metal Filter exceeds 572 *F, the inlet
filter damper will modulate open to maintain a maximum of 572 *F to the SCR Sintered Metal
Filter (See 36-TV-014 on Drawing F-145579-36-A-0099 in Appendix DS).

When an ICV box is not located under the AWTE, these dampers (along with the damper for
36-NO2-093 [36-FV-331 on Drawing F-145579-36-A-0102 in Appendix D5]) are adjusted to
maintain the volumetric flow rate through the OGTS. The other ambient air inlet filters shown
on Figure 2-1 do not have dampers; the inlet flow is dictated by the static pressure in the system
(i.e., a slight negative pressure in the Liquid Waste Staging Tanks draws air into the tanks and
then through to the OGTS). The ICV Box is moved after processing is complete and gas
emissions cease. Before the ICV Box is disconnected from the AWTE, the low ICV Inlet Air
Flow interlock is disabled (using a key switch) because it is not required when there are no
emissions from the process (see Section 2.5.8.6). Disabling the interlock prevents the gas flow
from transferring from the Main OGTS to the Bypass System.

The Main OGTS is designed to utilize redundancy to ensure treatment is available for the
generated off-gas stream from the DBVS process. Active monitoring at various locations allow
for data trending, providing operators feedback on the performance of various OGTS
components. This data also allows for actions to be taken prior to alarms at the OGTS exhaust
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stack. Actions that may be taken include slowing the ICV process (reduction of source term),
switch to redundant or back-up systems, and adjustment of operating parameters. Appropriate
reporting and on-site responses will be performed in the event of stack alarms.

2.5.8.1 Sintered Metal Filter Controls. Particulates collected by the OGTS from the melt are
impinged on the sintered metal filters, causing the pressure drop across the filters to increase.
Compressed air, controlled by a timer, is used to back-pulse all of the sintered metal filter
elements. The time period between back-pulses may be adjusted based on the trend of the
pressure drop across the sintered metal filters. The particulates are collected at the bottom of the
sintered metal filter housing. These particulates are then returned to the dryer, using vacuum
from the dryer as the motive force and bleed air, for incorporation into the next batch of material
for the melt. For instrumentation see P&ID F-145579-36-A-0099 in Appendix D5. The control
philosophy for return of collected particulate to the dryer is discussed in Section 2.2.7.3.

The temperature entering the sintered metal filters will be controlled by bleeding ambient air
through valve 36-TV-014, controlled by 36-TE-014.

2.5.8.2 Wet Scrubber Skid Controls. The off-gas from the sintered metal filters is routed
through a quencher, scrubber, and mist eliminator. The quencher and scrubber remove acid
gases by circulating a dilute caustic (sodium hydroxide) solution through the quencher and -
scrubber. The caustic solution is circulated from a scrubber tank that has controls to maintain pH
level and scrubber tank bleed off. The caustic make-up solution valve (36-LV-1 19) is used to
control flow into the tank and is closed automatically upon high tank level alarm, to prevent the
tank from overfilling. For instrumentation see P&ID F-145579-36-A-0100 and -0102 in
Appendix D5.

The dilute caustic solution is supplied from a "day-use" tank located inside the wet scrubber skid
(36-D74-0l0 as shown on Drawing F-145579-36-A-0102 in Appendix D5). As dictated by
processing conditions, caustic solution is added to the scrubber tank to maintain the scrubber
tank solution in a basic p1 range (to be developed during full-scale testing with nonregulated
material). Control of p1H is achieved by the amount of caustic allowed into the tank from valve
36-LV-1 19. The day-usc tank provides two functions: (1) allows the wet scrubber system to be
self-contained and (2) allows for the flexibility to further dilute the caustic solution ifrequired.
If dilution is required, filtered water is added to the tank until a target density (measured by
36-DE-225) is achieved. A mixer (36-D57-095) is provided in the tank to ensure a homogeneous
solution.

The day-use tank receives a 15 percent sodium hydroxide solution from tank 36-D74-113. Tank
36-D74-113 is sized to contain sufficient 15 percent sodium hydroxide solution for a single box
campaign. The off-gas from the wet scrubber is then cooled by the condenser; the off-gas
temperature leaving the condenser is controlled by modulating the chilled water/glycol flow
through the condenser. The off-gas passes through the mist eliminator and then to the heater.

The heater is controlled by the entering (36-TE-307A) and leaving air temperature
(36-TE-307B), to maintain a minimum 40 *F rise in off-gas stream temperature, or a maximum
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leaving air temperature of 200 F. A temperature controller (36-E02-042C) modulates the
capacity of the heater through a silicon-controlled rectifier that varies the current through the
heating elements. The wet scrubber skid leaving air temperature is indicated by 36-TE-308. The
40 F rise in off-gas stream temperature is to protect the downstream IEPA and HEGA filter
skids from condensation. Insulation will be placed on the ductwork connecting to these skids.
Insulation will also be placed on the housings themselves (see Specifications 145579-D-SP-036
and 145579-V-SP-010 in Appendix G5). The upper temperature is based on the limit for the
HEPA filters.

Within the wet scrubber skid, the temperature of the scrub solution is controlled via 36-TV-1 13
Chilled Water supply valve to heat exchanger IX-001. Feedback is based on the temperature as
read by 36-TE-1 13. The water/glycol solution provided to the wet scrubber skid condenser and
heat exchanger is pumped to the components by the off-gas chiller pump skid and cooled by an
air-cooled scroll chiller. The temperature in the water/glycol loop is maintained by controls
integral to the chiller. The chiller modulates capacity to maintain leaving water/glycol
temperature based on the return water/glycol solution temperature. Large swings in the return
water/glycol solution temperature are reduced using the surge tank to moderate the feturn water
temperature. The surge tank includes Low level measured at 36-LSL-816. The chilled water
system expansion tank includes a high level alarm measured at 36-LSII-819 and low level alarm
measured at 36-LSL-820. For instrumentation see P&ID F-145579-36-A-01 06 in Appendix D5.

2.5.8.3 IEPA Filter and IJEGA Filter Skid Controls. The off-gas from the wet scrubber skid
is routed through one of two IEPA filter and HEGA filter trains; the second train is on standby.
The differential pressure entering the IEPA filter skid is monitored by 36-PDIT-312. In
addition, each IEPA filter, carbon adsorber, and polishing filter is monitored for differential
pressure (36-PDIS-311, 36-PDIS-315, 36-PDIS-317, 36-PDIS-335, 36-PDIT-327, 36-PDIT-332,
36-PDIT-333, and 36-PDIT-334). Upon a high differential pressure alarm (indicating a plugged
filter) or on a low differential pressure alarm (indicating a potentially breached filter), the
standby HEPA filter/IIEGA filter skid train will be lined up by opening valves 36-IIV-313 and
36-HV-314, then the operating filter train will be valved out using 36-H V-309 and 36-IV-314.
The temperatures entering each H EPA filter train (36-TE-340 and 36-TE-344) and exiting
(36-TE-343 and 36-TE-347) are also monitored.

The HEPA filter skid controls monitor leak detection in the condensate collection tank secondary
containment, and at each IIEPA filter housing at 36-LSII-318, 36-LSH-319, 36-LSH-320, and
36-LSH-321. If liquid is detected in a H EPA filter housing, a switch is made to the standby
train. When appropriate, the drain valves on the affected housing train are opened and the tank
vent opened to drain liquid into the condensate collection tank. This liquid is puniped from the
collection tank to a container using the local station at the skid.

Between the final IJEPA filter and before the IEGA filter, each filter train will include a heat
detector to provide fire detection in the ductwork (see Drawing F-I 45579-00-E-0082 in
Appendix C5). Each heat detector will be an approved rate of rise detector connected to the fire
alarm control panel.
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The discharge from the HEGA filter skid includes temperature monitoring at 36-TE-316,
pressure monitoring at 36-PIT-325, and monitoring for total hydrocarbons at 36-AE-328.

For instrumentation on the HEPA filter skid and HEGA filter skid see P&ID F-145579-36-A-0107
in Appendix D5.

Between ICV container melts, the HEGA filter in the operating train will be valved-out and the
remaining capacity of the carbon filter will be analyzed. The analysis will be used to trend the
carbon filter loading to assure that the filter is changed by the time the filter reaches 50 percent
of total adsorbance capacity for organics.

2.5.8.4 Selective Catalytic Reduction Unit Controls. The off-gas from the IEPA
filter/HEGA filter skid proceeds to the SCR unit. Before entering the SCR unit, ambient air is
mixed with the off-gas stream to reduce the concentration of NO, to meet the requirements of the
SCR. The entering temperature is monitored by 36-TE-505 and the entering NO, concentration
is monitored by 36-AE-503. The MCS adjusts air inlet valve 36-HV-504 to control the NOx
concentration entering the SCR. Level of control is limited by the required flow rate of upstream
components. Valve 36-HV-504 is interlocked with the ICV Low Air Inlet Flow trip to isolate
the OGTS ducting.

The off-gas is pre-heated with an air-to-air heat exchanger. The off-gas that has been heated and
treated is routed through the air-to-air heat exchanger to recover the energy from the treated air
before the additional heating required for the off-gas stream for NO, removal in the SCR unit.
The temperature downstream of the air-to-air heat exchanger is monitored by 36-TE-506. The
mixed air is reheated by an electric heater to the SCR bed's operating temperature. The heater is
modulated by temperature controller 36-E02-108 to maintain the off-gas downstream
temperature through a silicon control rectifier that varies the current through the heating
elements.

The off-gas passes through the SCR bed which consists of a multi-pass catalyst bed where
ammonia is injected into the air stream. Anhydrous ammonia is fed from a storage tank and
mixed with heated ambient air and injected into a venturi within the SCR bed (flow is regulated
based on NOx concentration at the SCR outlet). The SCR bed will consist of a multi-pass
catalyst bed to provide high-efficiency removal of NO, and CO. The off-gas on the discharge of
the catalyst bed is monitored for temperature by 36-TE-510, ammonia slip by 36-AE-509, and
NOx concentration by 36-AE-508. The treated off-gas stream is routed through the air-to-air
heat exchanger where the off-gas leaving air temperature is monitored by 36-TE-51 I and then
routed to the exhaust fans and out the exhaust stack.

Control of ammonia is automatically controlled based on NOx levels as read by AE-508 and
ammonia concentration as read by AE-532. The balance is to add just enough ammonia to
decrease the NOx levels but not add any more than is effective at lowering this level. In
addition, should ammonia concentration reach an unacceptable level, the ammonia feed valve
36-IV-407 is interlocked closed. Additionally, 36-IV-407 is also interlocked with high area
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ammonia concentration as detected by AE-414. For instrumentation, see P&ID
F-145579-36-A-0103 in Appendix D5.

2.5.8.5 Exhaust Fan Controls. The exhaust fans are controlled by the MCS via operator
initiated start and stop commands. The redundant exhaust fan is started up and placed into
service should the primary exhaust fan experience High- fan motor vibration level, High- fan
bearing temperature, or motor low speed.

The temperature and pressure of the off-gas stream is measured downstream of the exhaust fans
prior to entering the stack at 36-TE-522 and 36-PIT-521. For exhaust fan instrumentation see
P&ID F-145579-36-A-0103 in Appendix D5.

2.5.8.6 Interlock Philosophy. A single type of interlock is shown on the P&ID drawings
associated with the OGTS. Safety Hardwired Interlocks consist of those interlocks that are
necessary to prevent or mitigate a hazard that, if not addressed, could lead to a safety event. This
event could be a release of radiological or hazardous gases. For the OGTS system, interlocks are
shown in Table 2-10 and discussed in greater detail below.

1-6 switches flow from the Main OGTS to the Bypass System by closing valves
(35-HV-1 14 and 35-HV-1 15) and opening a valve (36-HV-901) as shown on
P&ID F-145579-35-A-Ol00.

. 1-6 will close the ammonia isolation feed valve (36-IIV-407) shown on P&ID
F-145579-36-A-0103. This prevents the potential for higher concentration of
ammonia and air due to a low air flow condition, which in turn precludes a
flammable gas mixture.

* 1-8 closes air bleed dampers on P&ID Drawings F-145579-36-A-0099,
F-145579-36-A-0102, and F-145579-36-A-0103. This interlock ensures that the
Main OGTS is isolated when the OGTS bypass is initiated. Isolation protects the
workers from the potential of escaping NO. gases in occupied areas.

* 1-10 shuts the ammonia isolation feed valve (HV-407) shown on P&ID
F-145579-36-A-0103 based on concentration of ammonia exceeding the set point
in the process piping or exceeding the life safety limit in the general airspace
(i.e., leak from the system). Ammonia has a lower flammability level at
approximately 16 percent in air, levels will be limited to 1/4 LFL (4 percent) or to
the lowest value suitable for the proper operation of the SCR. Air detection of
ammonia will detect levels less than 25 ppm for personnel safety. Either detection
about set point will immediately isolate the ammonia source from the storage
tank. In any situation, any residual ammonia in the system will be swept by either
the main off-gas ventilation fans or the bypass fans from the SCR.

. 1-11 shuts down the exhaust fan on high vibration (see 36-VS-025 and 36-VS-026
on P&ID F-145579-36-A-0103 in Appendix D5). The setting on the switch will
be higher than the alarm settings for 35-VE-515 and 36-VE-518; the purpose of
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the switch is to protect the ductwork and fan housing from damage due to
excessive vibration.

Table 2-10. Selected Main Off-Gas Treatment System Interlocks.

Low ICVTm Inlet Air Flow (35-FE-I 12) from 1-6 Directs flow through Bypass System byr
Drawing F-145579-35-A-0100. Note that two out . Closing valves leading to the Main
of three flow elements must alarm low to tngger OGTS (35-HV-114 and 35-HV-1 15 on
event. Drawing F-144579-35-A-100).

* Opening valve leading to Bypass
System (36-HIV-90 I on Drawing
F-145579-35-A-0100).

Stops Ammonia feed by-

* Closing valve 36-IIV-407 (see Drawing
F-145579-36-0103).

Low ICV"m Inlet Air Flow (35-FE-I 12) from 1-8 Isolates the Main OGTS Inlet Air points by:
Drawing F-145579-35-A-0100. Note that two out * Closing inlet air valves 36-TV-014 and
of three flow elements must alarm low to trigger 36-FV-0 16 (see Drawing
event. F-145579-36-A-0099).

* Closing inlet air valve 36-FV-331 (see
Drawing F-145579-36-A-0102).

* Closing inlet air valve 36-1 IV-504 (see
Drawing F-145579-36-0103).

High Ammonia concentration in process 1-10 Stops Ammonia feed by:
(36-AE-414) or worker area (36-AE-532) (see * Closing valve 36-IIV-407 (see Drawing
Drawing F-145579-36-A-0103). F-145579-36-0103).

high fan vibration (36-VS-025 and 36-VS-026) 1-11 Shuts down fan associatcd with vibration
(see Drawing F-145579-36-A-0103) & 36-VS-025 shuts down 36-N31-025

* 36-VS-026 shuts down 36-N31-026

Note that normal MCS control sequences (and those for normal protection of equipment) are not
shown so as to reduce drawing clutter and focus on significant interlocks. Normal control
functions are presented to the MCS operator on the operating system computer screens.

2.5.9 Secondary Containment and Leak Detection Description

2.5.9.1 Sintered Metal Filters. The sintered metal filters are maintained under a negative
pressure to assure that if the housing leaks, that material will remain within the housing and the
OGTS. The sintered metal filters have no secondary containment or dried waste leak detection.
In lieu of leak detection, the filters are pressure tested before installation, tested as part of an
overall system check, and will be periodically inspected.
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2.5.9.2 Wet Scrubber System Skid Tanks. The secondary containment will be designed into
the wet scrubber system enclosure. The secondary containment will be designed to hold the
capacity of the recirculation system inventory and will include a sump designed such that 1.5 gal
of liquid will create a pool depth of at least I in. The enclosure will be designed to slope toward
the sumps. The systems leak detection will include dry contacts to connect to the MCS
termination panel.

2.5.9.3 IIEPA Filter Skid Condensate Tanks. Liquid level measurement in the secondary
containment will provide an alarm and indication that the primary condensate tank has failed.
Secondary containment is provided due to a lack of specific information as to which, if any,
hazardous constituents will condense from the air stream at this point in the process.

2.5.10 Corrosion Assessment

The design of the tanks for the wet scrubber system, HEPA filter assembly, and the SCR unit
ammonia tank has not been comlileted at this time. The technical specifications require the
design engineer to select materials and components to be compatible with the expected chemical
composition, temperature, and state of the waste streams in contact with the tanks. When these
tanks are designed, the design submittals will be provided for an independent corrosion
assessment.

An independent corrosion expert has reviewed the specifications and has identified concerns
associated with the selection of some materials of construction and identified potential corrosion
under insulation issues. The planned actions to address this, and other items noted in the
corrosion review, are described in a response letter to the corrosion expert (see Appendix H5).
Changes have made to the OGTS since the initial corrosion reviews performed in 2005. These
changes have been reviewed by the independent corrosion expert (recent corrosion review is
provided in Appendix H).

2.5.11 Inspection Schedule

Inspection and certification of the sintered metal filters, wet scrubber skid, IIEPA filter skid,
H EGA filter skid, SCR skid, exhaust fans, and exhaust stack will be performed at the supplier's
facility to ensure they comply with the design requirements. Additional inspection and
certification will be performed to verify they have been properly installed before placing them
into service by an IQRPE or a representative of the IQRPE. An inspection/certification report
will be submitted to the Ecology documenting the inspection results.

Additionally, before placing the tank systems into service, the wet scrubber skid and the IEPA
filter skid- tanks will be inspected by a qualified, independent installation inspector or an IQRPE
for structural damage and for proper installation. This individual is responsible for certifying to
Ecology that the OGTS tanks were properly installed. The inspection will include the following:

. Evaluation of welds to verify no cracking or lack of fusion;
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0 Confirmation that no punctures, scrapes of protective coatings, cracks, corrosion,
or other structure damage are present;

. Performance of tank tightness test to verfy no leaks are present and that pressure
or vacuum did not change beyond specifications over the test period;

* Verification of the protection of ancillary equipment against physical damage and
stress; and

. Installation inspection that conform to consensus-recognized standards including
the documentation of findings and corrective actions documented in a
post-inspection report.

The need for an integrity inspection will be determined by the Owner/Operator in accordance
with Permit condition IV.A.8.d.i Installation Assessment

2.5.12 Installation Assessment

At the time of the writing of this document, site grading has been completed and a number of the
concrete foundations place. The structural calculation for the slabs (listed in Appendix A5) have
been reviewed and approved. All of the OGTS components are located on concrete foundations.
General Arrangement Drawing F-145579-36-V-0001 illustrates the projected completed
assembly of the installed OGTS equipment on the DBVS site and the interface with other
systems (see Appendix C5). Finer views of areas of the DBVS site with OGTS components are
shown on drawings F-145579-36-V-0002, 36-V-0003, 36-V-0004, 36-V-0005, 36-V-0006, 36-
V-000736-V-0008, 36-V-0016, 36-V-0019, and 36-V-0021. Refinement of the drawings and
development of installation details will be performed as detailed drawings and installation
instructions from equipment suppliers are received. The modular nature of the OGTS will
facilitate installation of the system through the minimization of the number of pieces of
equipment that require placement and number of field connections.

An assessment of the installation of the OGTS will be performed during the actual installation on
site and will include an independent inspection of the following activities by an IQRPE or a
Qualified Installation Inspector:

* Visual inspection and pressure testing;

. Placement ofanchor bolts;

. Placement of the shop-fabricated/installed tanks;

* Installation of the Sintered metal filters, wet scrubber system skid, the IEPA filter
skid, H EGA filter Skid, SCR skid, -exhaust fans, exhaust stack, and other
ancillary equipment; and

* Tightness testing before placing the system into service.
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Upon completion of the final installation, an inspection report documenting the results of the
tank system installation will be prepared by the IQRPE or a Qualified Installation Inspector. The
inspection results will be documented in the report and included in the Operating Record. This
record will be accessible at the DBVS and will contain:

I. An as-built site plan;

2. An as-built drawing set of the installed OGTS;

3. Inspection notes, photographs, and any other material used to document inspection
activities;

4. Documentation of any defects discovered;

5. Documentation of tightness testing results;

6. A signed and dated statement certifying the corrosion protection system (if installed); and

7. A statement signed by the IQRPE certifying the proper installation of the OGTS
tank systems.

The assembled system will undergo testing as a subsystem and as part of the integrated complete
DBVS facility. Subsystem testing that may be performed include chilled water supply operation
and flow to the wet scrubber, balancing of flow using the air inlet control valves, verification of
flow from connected peripheral systems (liquid waste staging tanks, secondary waste storage
tanks), and pressure monitoring at multiple locations under OGTS flow conditions. Specific
instrumentation and systems that will also be checked include, remote actuation of valves, local
activation of H EPA Skid valves, and ability to shutdown equipment remotely (such as the chilled
water pump skid and wet scrubber skid). Complete DBVS facility integrated performance
testing are projected to involve the use non-contaminated, non-regulated test materials for
functional testing of the assembled system.
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APPENDIX A5

MAIN OFF-GAS TREATMENT SYSTEM

34005-CA-0001 C H EGA Skid -Organic Load Capacity A5-3

N/A Subcontractor Calculation Review Checklist AS-111

145579-B-CA-023 I DBVS OGTS Bypass StructuralAnalysis AS-113

N/A Subcontractor Calculation Review Checklist A5-271

145579-C-CA-001s I Tri-Afer Scrubber Foundation (H]Ii) N/A

145579-C-CA-010b I PC-2 Basic Foundations (FDN #3, 7, 10, 12, and 13) N/A

145579-C-CA-O 15 2 OGTS Steel Stack Foundation (Foundation #10) A5-272

N/A Subcontractor Calculation Review Checklist A5-386

145579-C-CA-016 0 Reagent Tank Foundations (Fdns #21, 22) A5-388

N/A Subcontractor Calculation Review Checklist A5-448

145579-D-CA-043 A DBVS Detectable Leak Volumefor the OGTS Wet A5-450
Scrubber System

N/A Subcontractor Calculation Review Checklist A5-461

145579-D-CA-056 I DB VS OG75 Bypass System Thermal Hydraulics AS-463
Analysis

N/A CII2M ILL Spreadsheet Verification and Release AS-601
Form for 145579-D-CA-056

N/A Subcontractor Calculation Review Checklist A5-634

145579-V-CA-004 I Off-Gas Chiller A5-636

N/A Subcontractor Calculation Review Checklist A5-678

145579-V-CA-005 I Off- Gas Treatment System Pipe Stress Analysis A5-680

N'A Subcontractor Calculation Review Checklist AS-1283

A5-1
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145579-D-CA-061 0 DB VS OGTS Thermal Hydraulics Analysis AS-1285
0

A5-2

N/A CII2M HILL Spreadsheet Verification and Release A5-1524
Form for 145579-D-CA-061

N/A Subcontractor Calculation Review Checklist A5-1554

('Calculation 145579-C-CA-00I has been reviewed by IQRPE (see Design Assessment Report No. DR-00 I).
Calculation not provided in this Design Review Package.

(Calculation 145579-C-CA-010 has been reviewed by IQRPE (see Design Assessment Report No. DR-006).
Calculation not provided in this Design Review Package.
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1. INTRODUCTION

1.1 Purpose

The purpose of this calculation is to determine the time to reach the capacity of
organics in the carbon bed of the HEGA Skid.

1.2 Scope

The scope of this calculation includes determining the 50% loading capacity of
organics to meet the requirements stated in the RD&D permit. It is assumed the
species of organics used in the calculation. The model of the carbon filter is assumed
and will be updated as vendor information is provided. This calculation will provide
the baseline time period for change out of the carbon bed to meet permit
requirements.

2 BASIS

2.1 Design Inputs

1. The S-109 BB (Best Basis Inventory) provided the mass of organics currently
residing in the saltcake (see Attachment 6). This information was used to
determine the approximate mass of organics per ICV box.

2. Permit # WA 7890008967, Permit For Dangerous And Or Mixed Waste Research,
Development, and Demonstration, Section V.l.6.e, states that 100% of volatile
organic carbon (VOC) and 50% of semi-volatile organic carbon (SVOC) leave the
Waste Dryer as vapor.

2.2 Criteria

Permit # WA 7890008967, Permit For Dangerous And Or Mixed Waste Research,
Development, and Demonstration, Section V.C.1.h, requires that the operation of the
DBVS shall not exceed 50 percent of the organic design capacity for the carbon filter
and shall change out the carbon filter before commencement of the next DBVS
campaign if it is projected that the capacity would be exceeded during a DBVS

NAeO. OATE: C$ECKER: DATE.
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campaign. Additionally Section V.C.1.i states that a carbon filter shall be changed out
following detection of organic break-through.

Organic capacity for the carbon bed is defined as the mass of organics that can be
retained per mass of carbon. At this point the carbon filter cannot hold any additional
organics, otherwise a removal of 0%.

50% capacity is half of the mass of organics that can be retained per mass of carbon.

20% capacity is the point where organic breakthrough may start to occur. At this
point the removal efficiency begins to decrease and organics will pass through the
bed.

2.3 Assumptions

1. S-109 BB does not provide speciation of total organic carbon (TOC). It is
necessary, for the calculation, to use compounds that may be found in the tank
waste for modeling. Document HNF-14755, Revision 1, 242-A Evaporator
Documented Safety Analysis, Appendix 28, 242-A Evaporator Process Flow Data
(see Attachment 5), was analyzed to determine the species of organics most
likely found in tank waste. Although 242-A Evaporator was not used on S-109 it is
assumed that organics found in this tank would be likely to be found in S-109.
The four species used in this calculation are Ethylbenzaldehyde, 4-
Methylbenzaldehyde, MAIDA [n-(methylamine)iminodiacetic acid, and C3-
Alkylbenzene [n-propylbenzene]. The highest concentration component in the
feed stream is ethanedioic acid, aka oxalate, and Is already signified within the S-
109 analysis as oxalate (see attachment 1).

2. For this calculation it is necessary to have species classified as VOC and SVOC.
Using boiling points for the 4 species it was assumed that the 2 species with the
lowest boiling can be VOC and the 2 highest will be SVOC.

3. The Dryer Condenser will condense vapors leaving the Waste Dryer before
connecting to the Main Off-Gas System. Vapors condensed out will be sent to
ETF for treatment. It is assumed that 50% of organic vapors (both VOC and
SVOC) will be condensed.

43.WZ-. BaOW gLoaS'g NabMSV-ctm' 1. Rv C.doc Page 3 of 5

AS-5



RPP-24544 REV Id

amecl
CALCULATION SHEET

CALC. NO.: 34005-CA-0001 REV: C DATE: March 17, 2006

CALC. TITLE: HEGA Skid - Organic Load Capacity
PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

4. Organics not vaporizing in the Waste Dryer will be sent to the ICV box. Based on
data from testing on the Waste Treatment Plant (WTP), destruction of organics in
the melter ranged from 32.7 to 57 percent. For conservatism, it is assumed that
32.7% of organics will vaporize and pyrolize in the ICV box and the remaining
67.3% will vaporize and continue downstream to the Main Off-Gas System.

5. Email from Cheryl Arm to Ja-Kael Luey on review of the RD&D permit and the
NOC permits pertaining to the DBVS site (see attachment 2) outlining the removal
efficiencies of equipment. A removal of 10% in the quencher and 25% in the
venturi scrubber is stated. An assumed removal efficiency of 30% in the wet
scrubber will be used, which is conservative.

6. Discussions with CSC/Flanders gave a 99.9% removal efficiency of organics by
the carbon filter (see attachment 3).

7. Also discussed with CSC/Flanders was the loading capacity of organics (see
attachment 3). Since each species has differing loading capacities, the average
was taken. It is assumed based on this information that 100 pounds of carbon will
retain 38.7 pounds of organics.

8. Based on the flow rate and residence time given in Technical Data Sheet,
145579-V-DS-010.1, Revision 1. Carbon Filter I & 2 (attachment 4) and from
vendor manual (see attachment 3) to determine the mass of carbon used in the
carbon filter. Approximately 384 lbs of carbon will be used, based on Model #
AG-GG18-62-NS.

9. Vendor discussions (CSC/Flanders) stated that the adsorption of water into the
bed will be minimal as long as the relative humidity stays below 70%. Based on
process requirements that the relative humidity is below 70% to prevent plugging
the HEPA filters upstream, it is assumed that water adsorption will have minimal
impact and is therefore left out of the calculation.

10. Vendor discussions (CSC/Flanders) stated that off-gas constituents such as NOx
would not be retained in the carbon due to the low molecular weight. Based on
this information it is assumed that these constituents will have negligible impact
and will be left out of this calculation.

O~ fl~ j ~DAfTE 
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11. Radioactive iodine, 1-129, will be adsorbed into the carbon bed. Preliminary
calculations showed that the mass of iodine adsorbed has little to no impact and
will be left out of this calculation.

3 REFERENCES

1. Permit for Dangers And Or Mixed Waste Research, Development and
Demonstration, 2004. Washington Department of Ecology, Richland, Washington.

2. H NF-1 4755. Rev 1. 242-A Evaporator Documented Safety Analysis, Appendix 2B,
242-A Evaporator Process Flow Data

3. 24590-WTP-RPT-ENV-03-005, Rev. 0, 4-9's Destruction and Removal Efficiency
Assessment

4 METHODS

Calculations to determine the organic load capacity will be done by hand calculating
material balances around individual pieces of equipment.

5 RESULTS AND CONCLUSIONS

50% capacity will not be reached in during the DBVS campaign. Approximately 71.6
melts are necessary to reach the 50% capacity. The time to reach 20% capacity
(when breakthrough will occur) is 28.7 melts.
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1. Determination of TOC as carbon from the S-109 BB! Inventory. Using 520,000
gallons of saltcake In tank S-109 and that current saltcake is 17 M Na. To have a 5 M
Na solution for DBVS operation it takes 3.4 gal 5 M Na to have the equivalent moles
of Na for a 17 M Na solution.

Mass of oxalate In salteake - 7910 kg
Mass of oxalate in liquid - 6 kg
Total mass of oxalate - 7916 kg
Mass of TOC (as carbon) in saltoake - 2160 kg
Mass of TOC (as carbon) In liquid - 70 kg
Mass of TOC (as carbon) total - 2230 kg

Mass of Carbon as Oxalate

(Total mass of oxalate) / (Total volume of waste) / (Dilution factor - 17 M to 5 M) *
(Amount of waste per ICV box) * (Mass fraction carbon in oxalate) = Mass carbon as
oxalate

7916 / 520000 / 3.4 * 13170 * 0.27 = 15.92 kg carbon as oxalate

Mass of Carbon as Oranic

(Total mass of carbon as TOC) / (Total volume of waste) I (Dilution factor - 17 M to 5
M) * (Amount of waste per ICV box) = Mass carbon as organic

2230 / 520000 / 3.4 * 13170 = 16.61 kg carbon as organic

Mass of Carbon as Oroanic (Not beina oxalate)

16.61 - 15.92 = 0.69 kg Carbon
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2. Using sample data from 242-A evaporator feed stream to identify potential organic
species in tank waste (see attachment 5). The four constituents and concentrations
were found to be Ethylbenzaldehyde (520 mg/L), 4-Methylbenzaldehyde (500 mg/I),
MAIDA (410 mg/), and C3-Alkylbenzene (390 mg/L).

Assuming 1 L of solution gives the following mass.

Ethylbenzaldehyde - 520 mg
4-Methylbenzaldehyde - 500 mg
MAIDA - 410 mg
C3-Alkylbenzene - 390 mg

Calculate the mass of carbon for each species by multiplying the species mass by the
carbon mass fraction per species.

Constituent Molecular Weight Masis Carbon Carbon Mass
Fraction

Ethylbenzaldehyde 134.177 108.099 0.8056
4- 120.151 96.088 0.7997

Methylbenzaldehyde
MAIDA 162.145 60.055 0.3704

C3-Alkylbenzene 120.194 108.099 0.8994

Ethylbenzaldehyde - 419 mg carbon
4-Methylbenzaldehyde - 400 mg carbon
MAIDA - 152 mg carbon
C3-Alkylbenzene - 351 ma carbon
Total Carbon 1322 mg carbon

The following table is the mass fraction pertaining to the 242-A feed stream (species
mass carbon / total mass carbon).

Constituent Mass Fraction Carbon (242-A)
Ethylbenzaldehyde (C9H1o0 1) 0.317

4-Methylbenzaldehyde (CaHai) 0.302
MAIDA (C5H10N20 4) 0.115

C3-Alkylbenzene (C9H12) 0.266
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3. Convert the mass fraction from #1 from kg to lb.

0.69 kg C * (2.201 lb C 11 kg C) = 1.521 lb C per ICV box

4. Using mass from #3 multiplied by the carbon mass fraction in #2 to determine the
mass of carbon for each constituent.

Constituent Carbon Mass Fraction Constituent Mass Carbon
(242-A) (lb)

Ethylbenzaldehyde 0.317 0.4822
4-Methylbenzaldehyde 0.302 0.4593

MAIDA 0.115 0.1749
C3-Alkylbenzene 0.266 0.4046

5. Dividing the weight fractions of carbon per species into constituent mass of carbon
(#4) to calculate the overall mass of organic constituents feed into dryer.

Constituent Mass of Carbon Constituent Mass Overall Mass of
(Ib) Fraction Carbon Constituent (Rb)

Ethylbenzaldehyde 0.4822 0.8056 0.598
4-Methylbenzaldyde 0.4593 0.7997 0.574

MAIDA 0.1749 0.3704 0.472
C3-Alkylbenzene 0.4046 0.8994 0.450

6. See assumption #2.

Constituent Boiling Point (*C) Assumption
Ethylbenzaldehyde 83 VOC

4-Methylbenzaldehyde 205 SVOC
MAIDA 376 SVOC

C3-Alkylbenzene 159 VOC
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7. Using design input #2 and calculation #5 perform mass balance around the waste
dryer.

Mass In to Dryer = see calculation #5
Mass in to Dryer Condenser (SVOC) = Mass in to Dryer * 0.50
Mass in to Dryer Condenser (VOC) = Mass in to Dryer
MassitrttIlet = Mass in to Dryer - Miss in to Dryer Condenser (SVOC and
VOC)

Constituent Mass In to Dryer Mass Into Dryer Mass Into Melt (lb)
(ib) Condenser (lb)

Ethylbenzaldehyde 0.598 0.598 0
4- 0.574 0.287 0.287

Methylbenzaldehyde
MAIDA 0.472 0.236 0.236

C3-Alkylbenzene 0.450 0.450 0

8. Using assumption #3 and results from calculation #7 to determine mass balance
around Dryer Condenser.

Mass in to Dryer Condenser = see calculation #7
Mass to ETF = Mass in to Dryer Condenser * 0.50
Mass to HEGA Skid = Mass in to Dryer Condenser - Mass to ETF

Constituent Mass In to Dryer Mass to ETF (Ib) Mass to HEGA Skid
Condenser (lb) (ib)

Ethylbenzaldehyde 0.598 0.299 0.299
4- 0.287 0.144 0.143

Methylbenzaldehyde
MAIDA 0.236 0.118 0.118

C3-Alkylbenzene 0.450 0.225 0.225

sl\Td t f n B.k0gn tofnl 3. Rv C. c Page 4 of 7
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amecY
CALCULATION SHEET

CALC. NO.: 34005-CA-0001 REV: EC DATE: May 2, 2005

CAC. TITLE: HEGA Skid - Organic Load Capacity

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

9. Using assumption #4 and results from calculation #7 to determine mass balance
around Melt.

Mass In to Melt = see calculation #7
Mass Destroyed in Melt = Mass in to Melt * 0.327
Mass in to Wet Scrubber = Mass in to Melt - Mass Destroyed in Melt

Constituents Mass In to Melt (Ib) Mass Destroyed In Mass In to Wet
Melt (lb) Scrubber (ib)

Ethylbenzaldehyde 0 0 0
4- 0.287 0.094 0.193

Methylbenzaldehyde
MAIDA 0.236 0.069 0.167

C3-Alkylbenzene 0 0 0

10. Using assumption #5 and results from calculation #9 to determine mass balance around
Wet Scrubber Skid.

Mass in to Wet Scrubber = see calculation #9
Mass in to ETF = Mass in to Wet Scrubber * 0.30
Mass in to HEGA Skid = Mass in to Wet Scrubber - Mass in to ETF

Constituent Mass In to Wet Mass In to ETF (ib) Mass Into HEGA
Scrubber (Ib) Skid (ib)

Ethylbenzaldehyde 0 0 0
4- 0.193 0.058 0.135

Methylbenzaldehyde
MAIDA 0.167 0.05 0.117

C3-Alkylbenzene 0 0 0

C"rE. HCE:DATE'

U.44._%Tra& BecQger Laedrq NAe4SWo If. C doe Page 5 of 7
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emecP
CALCULATION SHEET

-CAC. NO.: 34005-CA-0001 REV: C DATE: May 2, 2005

CALC. TITLE: HEGA Skid - Organic Load Capacity

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

11. Using assumption #6 and results from calculations #8 and #10 to calculate mass
balance around HEGA skid.

Mass in to HEGA Skid = see calculation #8 + calculation #10
Mass retained in HEGA Skid = Mass in to HEGA Skid * 0.999
Mass emitted = Mass into HEGA Skid - Mass retained in HEGA Skid

Constituent Mass In to HEGA Mass retained In Mass Emitted (Ib)
Skid (Ib) HEGA Skid (Kb)

Ethylbenzaldehyde 0.299 - 0.299 0
4- 0.278 0.278 0

Methylbenzaldehyde
MAIDA - 0.235 0.235 0

C3-Alkylbenzene 0.225 0.225 0

12. Determine the overall mass balance of the system.

Mass in - Mass to ETF (Dryer Condenser) - Mass Destroyed - Mass to ETF
(Wet Scrubber) - Mass retained in HEGA - Mass emitted = 0

Constituent Mas Mas Mass Mas Mass Mass Accumulatio
s In s to Destroye s to retaine emitte n

ETF d ETF d d
(DC) (WS)

Ethytbenzaldehyde 0.59 0.29 0 0 0.299 0 0
8 9

4- 0.57 0.14 0.094 0.05 0.278 0 0
Methylbenzaldehyd 4 4 8

e I_ _ _ _ _ I_ _ _ _ f_ __ _ I___I__I__

MAIDA 0.47 0.11 0.069 0.05 0.235 0 0
2 8

C3-Alkylbenzene 0.45 0.22 * 0 0 0.225 0 0
0 5

WI .DAM;: CiQE OAI

A<5-7 - .-74.e
H UsrVei~nr ~~Tra~m ekdtfgarstoakng k N. co,3, Rvec
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CALCULATION SHEET
ame&C

CALC. NO.: 34005-CA-0001 REV: C ' DATE: May 2, 2005

CALC. TITLE: HEGA Skid - Organic Load Capacity

PROJECT NO.: 145579 PROJECT TITLE: Final DBVS Design

13. Using results from calculation #11 to determine the amount of organics retained in
carbon bed.

Constituent Mass Retained In Carbon (lb)
Ethylbenzaldehyde 0.299

4-Methylbenzaldehyde 0.278
MAIDA 0.235

C3-Alkylbenzene 0.225

Total Organics retained is 1.037 lb per ICV box

14. Using assumption #7 for 38.7 lb organic per 100 lb carbon and assuming 384 lb of
carbon to have an overall capacity of 148.6 lb of organics.

15. Calculation of time to reach capacities.

To reach 100% capacity = 148.611.037 = 143.3 melts
To reach 50% capacity = 143.3 * 0.50 = 71.6 melts
To reach 20% capacity 143.3 * 0.20 = 28.7 melts

0 IMTM- DAftE CHtCER: DArE;

C | / ' 4.''> | -- .-o, | n0c'2 -/P/j
Page 7 of7tp pedU Uttr vi.Sckrigadc to dng Nstiv S 3din3. Rv C doe
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34005-CA-0001

Attachment 2

Review of Equipment Removal Efficiencies - Email for Cheryl
Arm to Ja-Kael Lucy
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Page 2 of2

The RDD Pe-n stchomrlemn! to the CI-Gas Tmarnie Systemn: (Thtse soctwnsr i'r the attcted PDF fie 3
* A 4 - nethirg cNicmo IIwC dAM1;
*i A 5 -notig speciicto lpic at hanc

SU.1 - nothing specft -o topic at tond (TNs edcn cals aul WAC 17-i034MO0 & 691 'iasegrer 40 CFR 264 Sbpat Manda-
docuaeri, record and nanenance recu'ens. These re 10 be stJuded rlo fe Design ReqsuementS MWnx from nw last eiot)

* VA1.x - rio g spocic to topical a4;
* VA1. - Refers Attachment LL with SectIon 40 Including process description (table above):
* V.C 19 -ncgspecI-C to Icpc r.Wd:
* V.L4.pj- nofl'g specfic to topic at hand and
" VI.Be -nohwig speoft to topic at hand (tables not VW at.)

The WV"U NOC only 04 .1 a genral desotptMon. This is cwaued m the afladhd POF Mie.
The NESHADS NOC does At Wrtain anytktig ,s c to the topic at hand. kIfke It-e oter NOC's refer to the 6% des gr.
The Ecology NOC makaerefrroc. to rtWAC 173-1oo-Ilo05:io} This 4n nctded in -he atlached PDF fWe hA any has emissions in toes p year

Nt yMu have ay questen ar reed exlanaton let me kinmd

Therft C.erylC0

From: Ly, ]a-eL - -
Sent: Sunday, Demiber 19, 2304 1:40 PM
To: Ann, Oery
Cc: Fredericsvn, JIM McCracken, "ut I.; Ltey, a-Kae-
Subject: Penrit Reqmgiert. for Wet Scrubbi'g System

Cheryl.

Pleas, lok truih the tfree peMits oe DOVS and let me kno# what specifc renoval ericivncis a-c caled ou tor bm Ofl4es rreauent Systern
traler. We me gog to replace : M-s rier *tI a new system ard I reed to know what is curniled to in the peimb so eh I con clst can corents On
a specicaton. Piase provio soec-ic derencas and cop." of tie retev v sGe3 lre the pemit SO thtb at deaty shouw lusl any chq, c-

lack of chaNgs. made to he speclicatn.

i is my he oat ycu At be able to provd. inl kirmavon dung tw day on Monday.
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34005-CA-0001

Attachment 3

Vendor Information on Carbon Filter

(1) Email from CSC/Flanders representative on efficiencies
and loading

(2) CSC/Flanders On-Line Manual

0
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Travis Beck

From: DVMS (Douglas Stevenson) (DStevenson@CSC.FlandenCcrp.conI
Sent: Thursday. May 19. 2005 5:18 AM
To: Travis Beck
Subjeet: RE: Organics
Attachments: travis beckxts

TravIs,
I caiculated the capaciies of each chemical for you Afached Is a spread sheet wit calculated capacities for the
ch,,micas you needed iler.

Doug

-- Original Message-
From: Travis Beck tmaiftotravis.beck@amcom)
Sent: Tuesday, May 17, 2005 4:35 PM
To:'DMS (Douglas Stevenrony
Subject: RE: Organics

Douglas,

As more information is becoming avatable regarding Ite tank waste I am updabng ry model. I ain feu
new constituents that I was hoping you may be sto to gel me the same loadhg nformrtiotn that you had
sent prviously. The four are ethylbenzaldehye (CH100). 4-4ethylbenzadehyde (CSH80). N-
(methtaminojimiodiacolic acid aka gly se; (N2C5H1004), and C3-Alkytbonzone aika n-propytenzeno
(COH12). Thanks again for your help, any questions please give me a cal at 5C9.942.1114 ext 139

-T.,6Can 4 Err
wa, ftVn.

AxECfLanA z6.en& s
1135 Jadwin Avenue
R*o:(a. WA 99352
Pho: (509) 942-1114 ext 130
Fax 509?942-1122
travis.beck@amec.com

From: DMS (Douqlas Stevenson) [mailto:Dstcvncson@CSCFndmirsCorp.corI
Sent: Thursday, March 31, 2005 8:07 AM
To: Travis Beck
Subject: RE: Organs

Travs,
Sorry I did not get back with you earler. I got your message aid I went tNough my old s-mails and found
yours, I catculaled the capacities of each chemical for you. Attached Is a spread sheet with calculated
capacities for the chemictls you needed Pher The xidustry standard for break through of an contaminate
is usualy 23-25% of the carbons capacity borthat chemical. Flatdrnr*CSC alsorberwil adsorb 99 9% of
tess contaninates until 20-25% of tho adsorbor's caoacity is expended. aflar the 20-25% break though
will start occtrring If you nave any other questions please cal.

A5-20
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-OrgnM esae
From: Travis Beck (mailto:avis.beckbametconm)
Sent: Frkday, March 18, 2005 11:13 AM
To: Douglas Stevenson
Subject: Organks

Douglas.

Here ae te 4 conslituonts 1hat I am us'ng for re-cacakuLating'

Hepladecanoic Acid, C1711340?
Tetradecane. C14H30
1.3.54imethy4bonzene. CSH12
Dodocone. C12H25

As bolre I am looldng for Mie capackty of orgaric per pound of calborL Curerity I havo Cia
removal effciency ad 99%. A yco la that this nay be different for any of the compounds let
ne know. Ore* again. I appredalte your ie~p In this manner.

Thanks.

,Tnnis X OKL VfT
qnCM Enginer
. lECt sa fmdun w ird
1135 Jadiin Avenum
Richland, WA 99352
Pho: (509) 942-1114 ext. 139
Far (509) 942-1122
travisbc@amec.com

The information cotaincd in this e-mafl is intendcd only rur the individual or entity
to whom it is addressed.
Its contents (including any attachments) may contain confidential and/or privileged
informnation.
iryou ami not an intended recipient you must not use, disclose, dis-cminame, copy or
print its contents.
lFyou receive this e-mail in error, please nolify the sendcr by reply c-mail and delete
and destiny the mnssge.
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FOREMOSt IN AIR FILtRATION
Bath. NC 27808
Tel: 2.52-923-2911
Fax 252-923-6931
Emad escecsc~f'andeiscorp.corn

Ethy'bnzaldehye
Carton Adsorption Capact'y: 48 4 g/lO0g of carton

2 4-methylbennaldehyde .
Carbon Adsorptin Capacity: 436 g100gofcarbon

3 4(methyiamine) kinodLactic acid
Carbon Adsorption Capacity, 302 gl0Cg of carbon

4 C3-Alkybenzene
Carbon Adsopticn Capacity 324 g100g ofca-bon

Here are the adsorption caDawtie fio Uhm chemcals you are kocking to filer out of yn.:r air strean
The numbers above represent how many grams of contaminates can be adsorbed by
10 grams of carbon. It you need me to extrapolato out the At of carbon In an Fbnders/CSC
absorbed and the capacity for contaminato oaco absorber, lot me know.

Doug

A5-22
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HEGAk Filtert Tablieont

Quality Assurance ................................................ 2
Important Message ............................................... 3
Introduction ...................................................... 4

What is a HEGA?
Where are HEGAs Used?
How Does a HEGA Work?
HEGA Selection

Design............................................................ 5
Design Considerations
Diagram: V-Bed Adsorber Applications

V-Bed Adsorbers ................................................. 6
Carbon Adsorbers
Residence Time
Applications
Adsorber Deisgn and Performance

Stainless Steel Frame Adsorbers .................................. 7
DMMP -Qualified Adsorbers
Adsorber Housings
Type IV (V-Bed) Stainless Steel Frame Adsorbers

Suggested Specifications Type IV Stainless Steel Adsorbers .. ....... 8
Ordering Information
Diagram: Model Number Breakdown

Ordering information.............................................. 9
Type IV (V-Bed) Stainless Steel Adsorbers
Chart Full-Size Gel Seal Adsorbers
Chart: Ful#-Sire Gasket Seal Adsorbers
Type IV (V-Bed) Stainless Steel Adsorbers - Small Size
Chart Small Sire Stainless Steel Gel Seal Adsorbers -Activated Carbon
Chart Small Size Stainless Steel Gasket Seal Adsorbers - Activated Carbon
Chart Small Size Stainless Steel Gel Seal Adsorbers -Nuclear Grade Carbon
Chart Small Size Stainless Steel Gasket Seal Adsorbers - Nuclear Grade Carbon
Chart Small Size Stainless Steel Gel Seal Adsorbers - Whetlerlzed Carbon
Chart Small Size Stainless Steel Gasket Seal Adsorbers -Wheerized Carbon

Cinersorb ........................................................ 13
Suggested Specifications and Ordering info for Cinersorb ............ 14

Diagram: Model Number Breakdown
Chart Get Seal Housings
Chart Gasket Seal Housings

Type II Tray Carbon Adsorbers..................................... 17
Type I Tray Carbon Adsorbers
Application
Suggested Specifications
Diagram: Model Number Breakdown

Ordering information for Type I Tray Carbon Adsorbers.............. 18
Diagram: Type Il Carbon Tray Adsorber
Chart Flanders/CSC Tlpe H1 Tray Adsorber

Carbon Sampling Systems ........................................ 19
Carbon Sampling Canisters
Radioactive Iodine Performance Test
Types of Adsorption
Efficiency vs. Penetration
Residence Time
Capacity
Decontamination Factor
Design Principles for Filtering Dangerous Chemical Contaminants
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NOTICE ... Compliance with installation and
operation standards must be met to ensure
quality performance.

HEGA filters are factory tested to meet
the -requirements of IES RP-CC-008-
84, "Recommended Practice for Gas
Phase Adsorber Cells.:
HEPA filters are factory tested to meet
the requirements of IES RP-CC001.3
for Type A, B, C, D or E filters:

Industrial Grade
Nuclear Grade
Laminar Flow Grade
SB/oHazard Grade HEPA
VLSI
ULPA

Test results appear on both the filter
label and upon the filter carton label.
An additional quality assurance test
report is kept on file and is available on
request.

Flanders/CSC recommends that all
HEGA and HEPA filters be tested In
place by
qualified personnel to ensure that the
filters have been correctly installed In
the containment housing.

Flanders/CSC service personnel
are available for Installations,
supervision of Installation, testing
and certification of compliance
to industry and government
standards and Instruction of the
owner's personnel In lesting and
maintenance procedures.

Flanders/CSC does not guarantee that
its equipment will operate at
the performance levels given on
the identification labels or in the
catalog specifications under all
conditions of installation and use, nor
does Flanders/CSC guarantee the
suitability of Its product for the
particular end use which may be
contemplated by the buyer.

For best results, it is recommended
that the buyer supply complete
Information about the operating
conditions of the ventilation system to
Flanders/CSC for evaluation.

When the system components are
supplied to the buyer or his agent
for final Installation and assembly
in the field, it should be under
the supervision of factory trained
personnel.

Failure to adhere to this recommenda-
tion or failure of the buyer to have
filters timely retested and serviced will
nullify or limit any warranties which
might otherwise apply and may result
In a compromised Installation.

A5-25
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Fuuleu Icuc'
Quality Assurance

Any Industry that has dangerous process or
exhaust gases andlor particulates has a vital
concern for the health and safety of personnel.
In addition to corporate concern, the United
States Government has dictated that safety
equipment meet minimum safety standards. Any
equipment sold to meetthese minimum standards
has to be manufactured using accepted Quality
Control procedures.

Flanders/CSC Corporation has developed a
Quality Assurance program to assure that the
product or service provided meets these
standards. This program addresses the entire
range of Flanders/CSC Involvement, including
the purchase of raw materials, the shortage of
these raw materials, incorporation of these
materials into a product or service, testing this
product or service, and then shipping It to Its
destination.

The program of Flanders/CSC has been audited
many times, and each time the program has
been acceptable. An uncontrolled copy of the
program manual is available with each request
for Quality Assurance Information. Like any
dynamic document, the program is continually
being revised to Include recent Issues of
standards and specifications In order that
Flanders/CSC may use the latest state-of-the-
artmethods in providing its products and services.

The Quality Assurance Program at Flandersl
CSCCorporation has been audited and approved
several times by the Nuclear Utilities Procurement
and Inspection Committee, NUPIC. This
committee was established by nuclear electric
utilities to ensure that suppliers of goods and
services can meet all applicable regulatory and
quality requirements.

Notes:

1 As part of our continuing program to
improve the design and quality of all
our products, we reserve the right to
make such changes without notice or
obligation.

2 FlandersICSC, through its limited
warranty, guarantees that the products
described herein will meet all
specifications agreed to by the buyer
and the seller.

3 ASME N509 Nuclear Power Plant Air-
Cleaning Units and Components.

4 ASME N510 Testing of NuclearAir
Treatment Systems.

© Copyright 2003 FlandersICSC Corporation
7013 Hwy 92E - PO Box 3

Bath, NC 27808
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What Is a HEGA?
To be called a High Efficiency Gas Adsorber
(HEGA), the adsorber must exhibit a minimum
mechanical efficiency of 99.9% when tested in
accordance with the Institute of Environmental
Sciences designation: IES-RP-CC-008-84,
'Recommended Practice for Gas Phase
Adsorber Cell' In addition, the adsorber must
be designed, built, filled and packaged In
accordance with the intent of this standard.
Since HEGA filters are manufactured in several.
different sizes and of several different
materials, this standard Is not always followed
to the letter. It is the intent of the standard and
the resulting performance of these adsorbers
that is important. This type of adsorber is not
intended to be used in odor control systems.
However, if the user needs a very efficient odor
control system and can justify the higher
Initial and operating costs, then this type of
adsorber will do an excellent job. The following
comparison between an odor control type
adsorber vs. a HEGA may help:

i-PEGAs ilikEtomnpring ASHRAE type i
' tiiate filtero*e HEPA-The oddt control
tyaIsber :(like the SF1RAEtypid
_,rticulatd flltdr) has a low fienyo
resse drop nd!i.& On thitth&:

thand, he HEGA (lik the HEPA) has "higher
efficIency.%higher presur-e dropi andighei
ost;Both adsorbers: have heir place n:
rIdnisryb0t :beauseb&ofifl6eemajor-
diffrenhe jey riinot usuallyIrcange-

Where are HEGA's Used?
HEGA's are most often used in 'containmenC
air filtration systems. Containment air filtration
systems are very high efficiency systems, used
to filter and contain dangerous particulate and/
or gaseous contaminants. Containment systems
are most often designed to treat exhaust air from
contaminated spaces, but occasionally are used
in supply and recirculated air systems. Examples
of facilities using these systems are:
4

-S

S

-S

4

S

S

0

0

Nuclear Power Plants
Cancer Research Laboratories
Toxicology Laboratories
Animal Disease Research Facilities
Chemical Agent R.trc:'Facliities
Bomb Shelters (CBR)
Radiopharmaceutical Plants
HVAC Systems

" Laboratories Using Chemical
Carcinogens

" Chemical Agent Munitions Disposal
Facilities

e Hospital Isolation Suites
e Pharmacological Facilities

" Chemical Process Facilities
e Military Facilities
e Biological Research Facilities
" Department of Energy Facilities

How Does a HEGA Work?
A High Efficiency Gas Adsorber (HEGA) filters
gaseous contaminants from an airstream by
adsorbing the contaminants (See Page 19,
"Types of Adsorption"). With a properly designed
system that includes proper adsorber selection,
adsorbent and resident time, any adsorbable
contaminant can be filtered and contained. (See
Page 6 for "Adsorber Design and Performancef
Page 20, "Residence Time*).

HEGA Selection
When designing a system requiring HEGAs,
consider:

1. Type: *Cinersorb" (p. 13). Type IV
(V-Bed) (p. 7). or Type 11 Tray? (p. 17)

2. Type of carbon needed? (p. 6 & 7)
3. Residence Time: (See pp. 6 & 20)
4. Need for sample canisters? (See p. 19)
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Design Considerations
The following should be considered when
designing a filtration system:

1. Any system that filters dangerous
contaminants should incorporate bag-in/
bag-out housings to contain the
contaminated filters and protect
maintenance personnel during filter
change-out.

2. Particulate filtration must be provided
upstream of HEGA filters to prevent
the adsorber from trapping particulates
and thereby Increasing the adsorber's
pressure drop.

3. Some applications require high
efficiency or HEPA filters located down-
stream of the adsorber to collect any fines
(dust which might be contaminated)
released from the adsorbent material and
to act as a backup in case the first
particulate filter should fail.

4. Filter trains can be easily constructed
with any combination of roughing filters,
high efficiency filters, HEPA filters and
adsorbers (See Illustration below).

5. An In-place test.of both adsorbers and
HEPA filters Is recommended for
nuclear containment systems and is
becoming a more frequent requirement
for many critical-applications. The
purpose of this in-place testing Is to
"validate" the Installed system. The in-
place test, if required, should be
discussed with a Flanders/CSC factory
representative prior to the selection of
equipment so the system will be
correctly designed to facilitate the test.
in-place test equipment and service
personnel are available from Flanders/
CSC to assist In the original installation
and testing.

6. The filtration system should be
manufactured under a good quality
assurance program such as one that
addresses all of the basic requirements
of ASME NQA-1, "Ouality Assurance
Program Requirements for Nuclear
Facilities."

V-Bed Adsorber Applications
From left to right:, prefilter, upstream in-place test section. HIEPA filter. V-bed adsorber, in-place
combination test section. V-bed adsorber, HIEPA filter. downstream In-place test section.

5
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Carbon Adsorbers Applications
Carbon adsorbers use activated or Impregnated
/activated carbon as a filtering medium to
remove gaseous emissions from nuclear,
biological and/or chemical process exhaust
air. Due to the potentially hazardous nature
of their end use, the customer should consult
with Flanders/CSC technical representatives as
early as possible during the design phase of a
project to assure proper specifications for the
adsorbers and the filtration system. Flanders/
CSC personnel have many years experience
with gas-phase and HEPA filtration systems
and can provide assistance in adsorbent
selection, residence time calculations, and
system configuration.
All units are manufactured In accordance
with Flanders/CSC's quality assurance
program, which meets the requirements of
ASME-NOA-1, OQuality Assurance Program
Requirements for Nuclear Facilities." Flanders/
CSC tests each adsorber to Insure a minimum
mechanical efficiency (the percentage of air that
actually contacts the activated carbon in a
system without penetrating voids or cracks) of
99.9% per IES-RP-CC-008-84, "Recommended
Practice for Gas-Phase Adsorber Cells." This
test of the adsorber's efficiency on test agents
is used to determine if the adsorber is property
manufactured and filled, but not whether it is
suitable for a given application.

ResidenceTime
Under actual operating conditions, the removal
efficiency (the percentage of containment
actually removed by the activated carbon
during operation) of an adsorber is determined
by the type and amount of contaminant in the
gas stream, the type and amount of adsorbent,
and the residence time (the time that the gas
stream is In contact with the carbon). In most
applications, a residence time of 0.125 second
is sufficient. In other cases, residence time is a
critical factor that must be calculated for the
specific contaminant. (See p. 20.)

6

Type IV (V-Bed) adsorbers are designed for use
in FlanderslCSC BF-Series and BG-Series bag-
in/bag-out housings for KF-Series and KG-
Series high efficiency side-service housings.
Occasionally they are used In large "front and
rear loading" built-up banks Inside walk-in
plenums, but the Type I Tray adsorber Is
usually best suited for that system design.

Adsorber Design and Performance
All units are made with beds of carbon mounted
In a "V* configuration at various depths and
residence times at rated airflowdepending upon
customer requirements. Various grades of
carbon are available to meet specific removal
requirements:
Designation A = Activated 8 x 16 mesh
carbon Is used to adsorb heavy solvents,
elemental iodine and most odors. This carbon
Is specified as follows:
The activated carbon shall be coconut shell
base, 8 x 16 mesh and shall have a minimum
carbon tetrachloride activity of 60% when tested
in accordance with ASTM D3467. The carbon
shall meet the Obase" carbon requirements for
nuclear grade carbon.
Designation N = Nuclear grade 8 x 16 mesh
carbon Is specially Impregnated activated
carbon used to adsorb organic radioiodides.
This carbon Is specified as follows:
The nucleargrade carbon shall be coconut shell
base, 8 x 16 mesh that meets the requirements
of 'ASMEN509-1996 "Reafirme4Section 5.2.
Designation W = Whetlerized 12 x 30 mesh
carbon is specially impregnated activated
carbon used to adsorb toxic warfare gases. This
carbon Is specified as follows:
The activated carbon shall be specially
impregnated coal base that meets the require-
ments of Military Standard Mil-C-0013724D.
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Designation T = ASZM-TEDA (Cooperite)
12 x 30 mesh carbon used to adsorb toxic
warfare gases. Performs similar to Whetterite.
Impregnants do not Include chromium.
The activated carbon shall be specially
Impregnated coal base that meets the
requirements of EA-DTL-1704A.
Other media available to meet design
requirements.
Note: Carbon adsorbers can be 'poisoned" by
paint fumes and other gases commonly found
in many facilities and must be carefully protected
when stored. The customer should consult
the factory representative regarding storage
precautions.
DMMP - Qualified Adsorbers
Flanders/CSC model numbers

- AF-GG16-62-WSD

- AF-GG16-62-TSD
- AG-GG16-62-WSD

- AG-GG16-62-TSD
have been tested and certified for DMMP
Qualification at the U.S. Army Armament
Munitions and Chemical Command, Aberdeen
Proving Grounds.

Adsorber Housings
V-Bed carbon adsorbers are manufactured In
standard sizes for use in bag-In/bag-out and
side-load housings, and are available in both
gel seal and gasket seal designs. Flanders/CSC
manufactures a complete line of housings for
adsorbers and HEPA filters. Contact the factory
or your Flanders/CSC representative for
complete Information on adsorbers and HEPA
filter housings.

Type IV (V-Bed) Stainless Steel
Frame Adsorbers
Description
The Flanders/CSC Type IV (V-Bed) adsorber is
designed with either 1-inch, 1 3/-inch or 2-inch
thick beds arranged in a V-Bank configuration.
This design allows a high airflow at a relatively
low pressure drop. Adsorber frames are
constructed of T-304 stainless steel with T-304
stainless steel perforated screens.

These adsorbers are designed for use In
Flanders/CSC G-Series, BF-Series and
BG-Series bag-in/bag-out housings, KF-Series
and KG-Series efficiency side-serving housings.

These adsorbers are manufactured under
stringent quality control procedures. Each
adsorber Is filled, tested and packaged in
accordance with IES Designation: RP-8
(IES-RP-CC-008, -Recommended Practice for
Gas Phase Adsorber Cellso). Before shipping,
each adsorber Is tested in accordance with this
standard to assure a minimum mechanical
efficiency of 99.9%.

/....-

Type IV Stainless Steel Frame Adsorber

Features

- Minimum mechanical efficiency of 99.9%
when tested In accordance with IES
Designation: RP-8 (IES-RP-CC-008,
'Recommended Practices for Gas-Phase
Adsorber Cells*). Higher efficiencies
available when required.

7
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H

* Designed, manufactured and tested under
a Quality Assurance Program that meets the
basic requirements of ASME NQA-1,
"Quality Assurance Program Requirements
for Nuclear Facilities."

- Available in several standard sizes allowing
use in standard filter housings.

* Corrosion resistant.

* Can be filled with appropriate adsorbent to
capture any adsorbable contaminant.

* Many applications: Treat exhaust air from
safety cabinets, glove boxes and fume
hoods, supply air to Inhalation labs. etc.

Suggested Specifications Type IV
Stainless Steel Adsorbers;
From the tables on Pages 9 - 11, fIll In the
blanks for adsorber requirements.
Adsorber shall be Flanders/CSC model

number . Adsorber frame shall be
constructed of 14-gauge T-304 stainless steel
and have beds that are deep,
arranged in a V-bank configuration. The filter
frame shall be size: * high x * wide
x a deep, and have a jget/gasket)
seat on one side. The rated flow shall be

CFM at approximately - w.g.
pressure drop and second residence
time. Adsorber screens shall be perforated 26
gauge T-304 stainless steel supported by
external spacers to prevent distortion during
filling with carbon. Adsorber shall exhibit a
minimum mechanical efficiency of 99.9% when
tested in accordance with IES-RP-CC-008-84,
*Recommended Practice for*Gas-Phase
Adsorber Cells." Units shall be designed.
manufactured, and tested under a Quality
Assurance Program that meets the requirements
of ASME NQA-1, Quality Assurance Program
Requirements for Nuclear Facilitiesf

Ordering Information: Type IV(V-Bed) Stainless SteelAdsorber
Model Number Breakdown (Example)

AG - GGI6 -62 - WSD

AdsorbT IMMP Qualified
G- Gasket seal I(Leave blank If not required)
F Geal IFrame Material

Adsorber Size (NominaL) S=StaIntess Steell
............ .......

-..

-)

.4 -*.

I
Notes:
1. In the charts on the following pages. pressure drop and weig

slightly due to variations in carbon particle size distribution a
density.

2. Not all model number combinations above are available.

Adsorbent Material
A - Activated Carbon (8 x 16 Mesh)
N - Nuclear Grade Carbon (8 x 16 Mesh)
W * Whetlerized Carbon (12 x 30 Mesh)
T * ASZM-TEDA Carbon (12 x 30 Mesh)

Bed Thickness
I *1"BedThickness
I aI 1 31" Bed Thickness
2 2" Bed Thickness

Number of Beds Per Cell
3 - 3 Beds per Cell

ht will 4 a 4 Beds per Cellnd p n 8 - B Beds per Celltd packIng 10 - 10 Beds per Cell

8

AS-31

Hlah Wide Den

CC6 - 12"x 12"x 5 %1"
CC12 w 12"x i2"x 11 I"
CG12 w 12"x 24"x 11 I"
CG16 * 12"x 24"xl16"
Gel6 w*24"x12"xl16"
0C12 a 24"x 12"x 11 Va"
GG12 * 24"x 24"x 11 %'"
GG16 * 24"x 24"x 16"
GG18 * 24"x 24"x 18"
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4 A.t.

Ordering Information: Type IV(V-Bed) Stainless SteelAdsorber

Full Size Gel Seal Adsorbers

Note: AP may vary by +/- 20% due to physical
characteristics of the carton. These variations must
be considered when sizing fans.

9
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od 'H z M Rated TApprox. RestNoof Bed Uax Approx:- Appmx.
HiWi j.;mFI W TmAP T men eds Depth Temp Cabon Ship WLt

AF-GC12-101-AS 24x12x12/4 500 0.90 0.083 10 1 200'F 29 92

AF-GC12-101-NS 24x12x12%I. 500 0.90 0.083 10 1 200' 32 95

AF-GC12-101-WS 24x12x121 500 2.00 0.083 10 1 200' 35 98

AF-GC12-101-TS 24x12x12%. 500 2.00 0.083 10 1 200' 35 98

AF-GG12-101-AS 24x24x12%I4 1000 090 0.083 10 1 200' 58 153

AF-GG12-101-NS 24x24x12% 1000 0.90 0.083 10 1 200' 64 159

AF-GG12-101-WS 24x24x12'/4 1000 2.00 0.083 10 1 200'F 70 165

AF-GG12-101-TS 24x24x12% 1000 2.00 0.083 10 1 200'F 70 165

AF-GG16-81%-AS 24x24x16%It 1000 0.85 0.125 8 1% 200'F 75 210

AF-GG16-81%h-NS 24x24x164 1000 0.85 0.125 8 1% 200'F 80 215

AF-GG16-813/rWS 24x24x16%. 1000 2.10 0.125 8 1% 200'F 90 225

AF-GG16-81/-TS 24x24x16%I. 1000 2.10 0.125 8 1% 200'F 90 225

AF-GG12-62-AS 24x24x12%. 700 1.75 0.125 6 2 200' 59 162

AF-GG12-62-NS 24x24x12%I. 700 1.75 0.125 6 2 200'F 62 165

AF-GG12-62-WS 24x24x12'h 700 3.90 0.125 6 2 200'F 70 173

AF-GG12-62-TS 24x24x12%. 700 3.90 0.125 6 2 200'F 70 173

AF-GG16-62-AS 24x24x16. 1000 1.75 0.125 6 2 200'F 79 205

AF-GG16-62-NS 24x24x16/4 1000 1.75 0.125 6 2 200F 86 212

AF-GG16-62-WS 24x24x163 4 1000 3.90 0.125 6 2 200' 98 224

AF-GG16-62-WSD 24x24x16%I. 1000 3.90 0.125 6 2 200'F 100 226

AF-GG16-62-TS 24x24x1614 1000 3.90 0.125 6 2 200'F 98 224

AF-GG16-62-TSD 24x24x16%14 1000 3.90 0.125 6 2 200'F 100 Z26

AF-GG18-62-AS 24x24x1814 1250 1.75 0.125 6 2 200' 90 225

AF-GG18-62-NS 24x24x18%14 1250 1.75 0.125 6 2 200*F 96 231

AF-GG18-62-WS 24x24x18%14 1250 4.10 0.125 6 2 200'F 105 240

AF-GG18-62-TS 24x24x18/. 1250 4.10 0.125 6 2 200'F 105 240
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V

Ordering Information: Type V(VBed) Stainless SteelAdsorber
Note: A P may vary by +/- 20% due to physical
characteristics of the carton. These variations must

Full Size Gasket Seal Adsorbers be considered when sizing fans.

10
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SModel g g 'Size , Rated Approx. -Res. Nof -Bedi ax. Approx. Approx
-Numbe CB d T W*D :t -:At..m..,_ -Bed 136 Tep th ScpW

___:__________ _____s_____ ?(CFM) (hi.. VG.) (soc.) &.(lnch) (lbs.)
AG-GC12-101-AS 24x12x11'I 500 0.90. 0.083 10 1 200F 29 89
AG-GC12-101-NS 24x12x11'Iz 500 0.90 0.083 10 1 200F 32 92
AG-GC12-101-WS 24x12x11%h 500 2.00 0.083 10 1 200'F 35 95
AG-GC12-101-TS 24x12x11z 500 2.00 0.083 10 1 200'F 35 95
AG-GG12-101-AS 24x24x11%1  1000 0.90 0.083 10 1 200'F 58 148
AG-GG12-101-NS 24x24x11'z 1000 0.90 0.083 10 1 200F 64 154
AG-GG12-101-WS 24x24x11'h 1000 2.00 0.083 10 1 200'T 70 160
AG-GG12-101-TS 24x24x11'Iz 1000 2.00 0.083 10 1 200'F 70 160
AG-GG16-81%IrAS 24x24x16 1000 0.85 0.125 8 1% 200'F 75 205
AG-GG16-81%-NS 24x24x16 1000 0.85 0.125 8 1% 200*F 80 210
AG-GG16-81%-WS 24x24x16 1000 2.10 0.125 8 1%a 200'F 90 220
AG-GG16-81%-TS 24x24x16 1000 2.10 0.125 8 1% 200'F 90 220
AG-GG12-62-AS 24x24x1% 700 1.75 0.125 6 2 200'F 59 157
AG-GG12-62-NS 24x24x11%1  700 1.75 0.125 6 2 200*F 62 160
AG-GG12-62-WS 24x24x11'I% 700 3.90 0.125 6 2 200F 70 168
AG-GG12-62-TS 24x24x11% 700 3.90 0.125 6 2 200TP 70 168
AG-GG16-62-AS 24x24x16 100 1.75 0.125 6 2 200'F 79 200
AG-GG16-62-NS 24x24x16 1000 1.75 0.125 6 2 200F 86 207
AG-GG16-62-WS 24x24x16 1000 3.90 0.125 6 2 200'F 98 219
AG-GG16-62-WSD 24x24x16 1000 3.90 0.125 6 2 200F 100 221
AG-GG16-62-TS 24x24x16 1000 3.90 0.125 6 2 200F 198 219
AG-GG16-62-TSD 24x24x16 1000 3.90 0.125 6 2 200'F 100 221
AG-GG18-62-AS 24x24x18 1250 1.75 0.125 6 2 200'F 90 220
AG-GG18-62-NS 24x24x18 1250 1.75 0.125 6 2 200'F 96 226
AG-GG18-62-WS 24x24x18 1250 4.10 0.125 6 2 200'F 105 235
AG-GG18-62-TS 24x24x18 1250 4.10 0.125 6 2 200'F 105 235
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Ordering Information: Type IV (V-Bed) Sta
Small Size Adsorbers
Note: A P may vary by +/- 20% due to physical
characteristics of the carton. These variations must
be considered when sizing fans.

Ordering Information below is for small size gel
and gasket seal adsorbers, grouped by
adsorbent materials (Activated Carbon, Nuclear
Grade Carbon, Whetierized Carbon and ASZM-
TEDA Carbon).

Inless Steel Adsorber

j- -
-_

Small Size Stainless Steel Gel Seal Adsorbers - Activated Carbon

H~ -X- umr-Rae.pproK.! Res. Nof M:App' TAprx!Noowo BedAP Tim Bax po
I.................

- .h--- -'I :Net WV:

* .U nbS t:' CFM) :(ln.:WG,)1&6 (Inches) .. l) ibs)

AF-BB-41-AS 8x 8x 6%/. 40 0.45 0.083 4 1 200F 3 16

AF-CCO-41 -AS 12x12x 6%/ 5r 0.90 0.125 4 1/s 200F 8 33

AF-CC12-4131rAS 12x12x12%. 140 1.10 0.125 4 1%/s 200T 14 53

AF-CC16-41 rAS 12x12x16'% 465 0.85 0.125 4 1%I 200F 45 124

Small Size Stainless Steel Gasket Seal Adsorbers -Activated Carbon
:Model-1 t~tSz ~Rted A~prox., Res.' No . of Bd Max." Approx.-Aprx

>t u b ri. 2 H ~ O lw A~ Time Bd et Temp Carbo Ship Wt.:

z.. _. I 'II

-- ' fnch~ :. (CFM) gIn -WG.) (se) (in dies, lbs.) (lbs.)
AG-BB6-41-AS 8x8x5'%, 40 0.45 0.083 4 1 200F 3 15

AG-CC-411/-AS 12x12x5'a 55 0.90 0.125 4 1% 200T 8 31

AG-CC12-41/-AS 12x12x11% 140 1.10 0.125 4 1% 200'F 14 51

AG-CG16-41/-AS 12x24x16 465 0.85 0.125 4 1% 200-F 45 121

11
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Small Size Stainless Steel Gel Seal Adsorbers - Nuclear Grade Carbon
2it4M~odeimaa csr±ozp Rated Approx es. 'No -of 'Bed MaxApproL. Approx

N'F AP Timi 'Bids Oe't Teuifi.T'Caibon Shlip t

[11b

AF-BB6-41-NS 8x 8x 6% 40 0.45 0.083 4 1 200F 3 16
AF-CC6-41%-NS 12x12x 6% 55 0.90 0.125 4 1%/a 200'F 8 33

AF-CC12-41%/&-NS 12x12x12%4 140 1.10 0.125 4 1/ 200' 15 54

AF-CC16-41'I.NS 12x12x164 465 0.85 0.125 4 1% 200*F 48 127

Small Size Stainless Steel Gasket Seal Adsorbers - Nuclear Grade Carbon
Model ~ gnizp < . tRated rpprox ItResfNo.of -ABeda Max. Approx. Approx.

Nubr lW~..AOTN :~d 2fethl,2 Carb' Ship WL,

' (77. ti- 7 jcns(C InWG,) (se).iihe.s) nibs. & bs)
AG-BB8-41-NS 8x 8x 57%a 40 0.45 0.083 4 1 200'F 3 15
AG-CC6-41%-NS 12x12x 5%/s 55 0.90 0.125 4 1%/s 200F 8 31
AG-CC12-41%/-NS 12x12x11h 140 1.10 0.125 4 i% 200T 15 52
AG-CG16-41%-rNS 12x24x16 465 0.85 0.125 4 1% 200F 48 124

Small Size Stainless Steel Gel Seal Adsorbers -Whetierized Carbon
C. -Model c SIze .Rated FApprox. oRes. -No.- Bed Max,: Approx., Approx.

r~~~po. .1end&Y 41~.. ~~ ph Temi -CarbnSlw-
K~infa N~fNNFN 'aR ie'f !NBedi/ yn diCrboh- Ship Wt.

Of______ T_____ Inhs fbs).- 2Os

AF-BB6-41-WS 8x Bx 6% 40 1.00 0.083 4 1 200' 4 17
AF-CC6-41%-WS 12x12x ::%1 55 2.10 0.125 4 1i 200F 9 34
AF-CC12-41%I-WS 12x12x12'14 140 2.10 0.125 4 1 % 200'F 16 55

AF-CC16-41'IrWS 12x12x1614 465 2.10 0.125 4 1%I 200*F 50 129

Small Size Stainless Steel Gasket Seal Adsorbers -Whetlerized Carbon
- Model .ttt Size 2- Rated. Approx. -Rs e No; of Bed i,- Max pprox. Approx.:

Number .N A HW x 0 II FloW, 9Z TIme Beds Dpthd Tsmfr CMrbon Ship Wt
40. 0* - M' - p ri

I C ~Nit Wt.I...
((Id:1.:: CFM) :(In.WG.) (sec.) I; -(Indes) ? .(Ibs.),

AG-BBG-41-WS 8x 8x 57/ 40 1.00 0.083 4 1 200'F 3 15
AG-CCB-41%-WS 12x12x 5% 55 2.10 0.125 4 1% 200'F 8 31

AG-CC12-41%-rWS 12x12x111h 140 2.10 0.125 4 1% 200F 15 52

AG-CG16-41I-WS 12x24x16 465 2.10 - 0.125 4 1% 200F 48 124

12
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Cinersorb: Incineratable High Efficiency
Gas Adsorber
The Cinersorb Is the solution to problems
associated with the disposal of carbon
adsorbers contaminated with toxic, carcinogenic,
microbiological, radioactive or other dangerous
contaminants.
Many facilities have a waste disposal problem
regarding high-efficiency adsorbers that are
loaded with dangerous contaminants. In the
past, high-efficiency adsorbers (i.e.. adsorbers
that exhibit a mechanical efficiency of 99.9%)
have been manufactured with metal frames.
Since these metal frame adsorbers cannot
always be safely refilled with fresh carbon, their
disposal becomes a problem.
The Flanders/CSC Cinersorb, which has a
combustible frame constructed of high impact
polystyrene plastic, solves this problem.

Features
* Polystyrene frame allows disposal by

Incineration (volume reduction exceeds
95%)

* Mechanical efficiency of 99.9% when tested
in accordance with IES-RP-CC-008-84,
ORecommended Practice for Gas-Phase
Adsorber Cells"

- Available in many sizes (See pp. 15-16).
allowing use in most standard filter
housings

* Easier to handle, weighs 40 to 50% less than
metal frame adsorbers

- Less expensive than metal frame
adsorbers

* Corrosion resistant
* Can be filled with any adsorbent to capture

almost any contaminant
- Many applications. Including safety cabinet.

glove box and fume hood exhaust,
laboratory supply air and odor control

Incineration guidelines vary from contaminant
to contaminant. The customer should determine
that incineration meets the requirements
governed by type of contaminant in question and
local regulations.

Designed, manufactured and tested under
a Quality Assurance Program that meets the
requirements of ASME-NOA-1, "Quality
Assurance Program for Nuclear Facilities"

13
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Suggested Specifications Cinersorb Disposable Carbon Adsorbers
From the tables on Pages 15-16, fill In the blanks for adsorber requirements.
Adsorber shall be Flanders/CSC model
number Adsorber frame shall be
constructed of high impact polystyrene to allow
disposal of spent adsorber by Incineration.
Adsorbers shall have beds that are

deep, arranged in a V-bank configuration.
The filter frame shall be size: " high
x * wide x ____" deep, and have a

-_ (gel/gasket) seal on one side. The
rated flow shall be _ CFM at . w.g.

pressure drop and second residence
time. .Adsorber screens shall be perforated
plastic supported by external spacers to prevent
distortion during filling with carbon. Adsorber
shall exhibit a minimum mechanical efficiency
of 99.9% wheri tested in accordance with
IES-RP-CC-OO8-84."Recommended Practice for
Gas-Phase Adsorber Cells.*

Model Number Breakdown (Example)

I ,1 GG16,-6 V

Adsorberj

G- -Gasket Seal'V_____
FGel t Seal Irame Material

P'Plastlc
Adsorber Size (Nominal)

High wke Diln Adsorbent Mated
CC12 a 12"x 12"x 11 I" A - Activated Car
CGlS * 12"x 24"x 16 N - Nuclear Grad
GC16 - 24"x 12"x 16" W - Whetierized
GC12 a 24"x 12"x 11 'I" T a ASZM-TEDA
G012 a 24"x 24"x II 'it"
GG16 a 24"x 24"x 16"
GGl a 24"x 24"x 18" "Bd Thickn

I '% = '4"Bed T
2 2 BedThickn

Number of Beds I

N1

at
bon (8 x 16 Mesh)
a Carbon (8 x 16 Mesh)
Carbon (12 x 30 Mosh)
Carbon (12 x 30 Mesh)

ess
hickness
ess

Per Cell

Notes:
1. In the charts on the folowing pages, pressure drop

and weight will vary slightly duo to variations In
carbon particle size distribution and packing density.

2. Not all model number combinations above are
available.

14
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4 - 4 Beds per Cell
8 - 8 Beds per Cell
10- 10 Beds per Cell
12 * 12 Beds per Cell
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Ordering Information: Cinersorb Disposable Carbon Adsorber-
These adsorbers are designed as disposable above 120* F or if contaminants will attack the
units. DO NOT refill with fresh carbon for reuse. polystyrene plastic frame material.
NOT recommended for use In systems

Note: A P may vary by +/- 20% due to physical .
characteristics of the carton. These variations must

MoeeSize mRateds Approx.., .Res. sNO.-.of 7 ,-edd ax.Approx.. Approx.

AFG -10A 2424 )2 1"0CFM 0.83 1 12'_-4 15

AF-GG12-101-NP 24x2xl2% 100 0.90 0.03 -10 1 120'F 43 192
AF-GG12-101-WP 24x2x12%/ 1Soo 2.90 0.083 10 1 1120'F 5 95

AF-GG12-101-TP 24x2x12%/ 1500 2.00 0.083 ID I 120'F 526 98
AF-GG12-102-AP 24xl2x12% 500 2.70 10.012 .0 1 2 120F 26 1628

AF-GG12-1 2-NP 24x24x12%1 1000 0.70 0.023 10 2 120F 435 152

AF-GG12-1%1-AP 2424x174 1000 0.90 0.025 10 1% 120F 49 159
AF-GG12-11-NP 24x24x16%1 1000 200 0.023 10 1% 1207F 52 165
AF-GG12-11%-P 24x24x16%1 1000 2.00 0.023 10 1% 120*F 52 127

AF-GG126-A-P 24x24x16%/ 1700 2.75 0.125 6 2% 120'F 59 12

AF-GG1262-AP 24x24x16%/ 100 1.75 0.125 62 2 200F 129 762

AF-GG16-121-NP 24x24x16% | 100C) 0.85 0.125 82 1% 120*F 124 73

AF-GG16-812-AP 24x24014% 1000 0.85 0.125 8 132 120'F 79 118

AF-GG16-812-NP 24x24x16%/ 1000 217 0.125 8 2% 120'F 84 127

AF-GG16-12-WP, 242416%/ 1000 2.10 0.125 8 231 120*F as 127

AF-GG16-12-P 24x24x16%/ 1000 .59 0.125 12 2 1207 120 138

AF-GG16-12-P 24x24x18%/ 1200 1.5 0.125 12 2 1207F 7 1278

AF-GG16-62-NP 24x24x18%/ 1200 1.75 0.125 6 2 120'F 80 1315

AF-GG16-62-WP 24x24x18%/ 1200 4.90 0.125 6 2 120'F 96 141

AF-GG18-62-TP 24x24x18%/ 1250 4.10 0.125 6 2 120'F 198 140

rGel Seal Housings be considered when sizing fans.

15
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- Ordering Information: Cinersorb Disposable Carbon Adsorbers

Note: A P may vary by +/- 20% due to physical
characteristics of the carton. These variations must
be considered when sizing fans.

Gasket Seal Housings
-Model. . .Size Rated Approx.. Res N. of Bed- Max; Approx Approx

Nmerz -Ft ;H~~D low'. v.P Time; Beds Deph Temp.' 7Cr Sl.t
-. - see)Net t.

. ... . ..-

1Sh (CFA4) nWG.) s0d,(.u) '$ .Abs.i Ibk.;
AG-GC12-101-AP - 24x12x111/, 500 0.90 0.083 10 1 120F 23 42

AG-GC12-101-NP 24x12x11V 2  500 0.90 0.083 10 1 120' 25 44

AG-GC12-101-WP 24x12x112 500 2.00 0.083 10 1 120'F 26 45

AG-GC12-101-TP 24x12x11'/a 500 2.00 0.083 10 1 120'F 26 45

AG-GG12-101-AP 24x24x11%' 1000 0.90 0.083 10 1 120'F 43 77
AG-GG12-101-NP 24x24x1112 1000 0.90 0.083 10 1 120'F 49 83
AG-GG12-101-WP 24x24x1'h 1000 2.00 0.083 10 1 120' 52 86
AG-GG12-101-TP 24x24x11%z 1000 2.00 0.083 10 1 120' 52 86
AG-GG12-62-WP 24x24x11%/ 700 1.75 0.125 6 2 200' 59 162
AG-GG12-62-TP 24x24x119, 700 1.75 0.125 6 2 200' 59 162
AG-GG16-81/rAP 24x24x16 1000 0.85 0.125 8 1%/ 120'F 74 113
AG-GG16-813/rNP 24x24x16 1000 0.85 0.125 8 1% 120'F 79 118
AG-GG16-81'/I-WP 24x24x16 1000 2.10 0.125 8 1%/ 120' 88 127
AG-GGIB-81%-TP 24x24x16 1000 2.10 0.125 8 1%I 120' 88 127

AG-GG16-121-AP 24x24x16 1000 0.5 0.125 12 1 120' 120 78
AG-GG16121-NP 24x24x16 1000 0.5 0.125 12 1 120' 120 78

AG-GG16-62-AP 24x24x16 1000 1.75 0.125 6 2 120'F 80 115
AG-GG16-62-NP 24x24x16 1000 1.75 0.125 6 2 120F 84 119

AG-GG16-62-WP 24x24x16 1000 3.90 0.125 6 2 120F 96 131

AG-GG16-62-TP 24x24x16 1000 3.90 0.125 6 2 120'F 96 131

AG-GG18-62-AP 24x24x18 1250 1.75 0.125 6 2 120' 92 127
AG-GG18-62-NP 24x24x18 1250 1.75 0.125 6 2 120'F 96 131

AG-GG18-62-WP 24x24x18 1250 4.10 0.125 6 2 120'F 105 140

AG-GG18-62-TP 24x24x18 1250 4.10 0.125 6 2 120'F 105 140

16
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.............................................................................................

.............................................................................................

Type l|Tray Carbon Adsorbers
The Flanders/CSC Type I adsorber meets the
design and performance criteria of IES-RP-CC-
008-84,"Recommended Practice for Gas-Phase
Adsorber Cell' It Is primarily used by the nuclear
industry. The Flanders/CSC Type I cell exhibits
a minimum mechanical efficiency of 99.9% when
tested In accordance with that standard.
The Flanders/CSC Type 11 cell incorporates two
2-inch beds. Three cells are designed to be
modular with a 1000 CFM HEPA filter in both
flow rate and size. By using multiple Type I cells,
any required flow rate can be obtained.
The Flanders/CSC Type I cell is made of
300-Series stainless steel. Dimensions are
maintained to assure conformance with
the requirements of IES-RP-CC-008-84,
'Recommended Practice for Gas-Phase
Adsorber Cells." It is designed, manufactured
and tested under a quality assurance program
that meets the basic requirements of ASME
NQA-1, "Quality Assurance Program Require-
ments for Nuclear Facilities."

Application
Type Il Tray adsorbers are designed so that three
cells in parallel are modular with a 1000 CFM
HEPA filter. These adsorbers are primarily used
by the nuclear industry. They are usually
installed in large "built-up" banks inside walk-in
plenums.

Suggested Specifications
Adsorber shall be Flanders/CSC V-2 Type II
adsorber tray. The adsorber frame shall be
constructed of Type 304 stainless steel and have
two (2), 2-inch deep beds. Adsorber screens
shall be perforated 26 gage Type 304 stainless
steel (0.045" dia. holes, 37% open area) with
external reinforcement to prevent distortion
during filling with carbon. The adsorber shall be
filled with 8 x 16 mesh, granular, activated,
impregnated carbon that meets the
requirements of Article FF-5000 of ASME/ANSI

Standard Type I0 Tray Carbon Adsorber
AG-1-1997, "Code on Nuclear Air and Gas
Treatment" At a rated flow of 333 CFM each
shall provide a 0.25 second residence time with
an approximate pressure drop of 1.10" water
gage. Approximate filled weight of the adsorber
is 96 lbs. with a maximum operating tempera-
ture of 200* F. The adsorber shall exhibit a
mechanical efficiency of 99.9% when tested
in accordance with IES-RP-CC-08-84,
"Recommended Practice for Gas-Phase
Adsorber Cells." The adsorber shall be
designed, manufactured and tested under a
Quality Assurance Program that meets the
basic requirements of ASME NOA-1. OQuality
Assurance Program Requirements for Nuclear
Facilities."

Model Number Breakdown (Example)

AG.

M Adsorber

Gasket Seal

-T2 -30

130Tray Length

Type 11 Tray
Adsorber
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.4H EG A*Fifters 'ordiring inormiaon for Type Ut Tray Carbon Adsorber

Ordering Information: Type II Tray Carbon Adsorber

Sllt Men.

F&ce Ptwt sillin6sr

.I

FlandersICSC Type II Tray Adsorber
Rated !!ow- Vlit t± M hacaw :Bd J.;P - 'Approx,. Approxv:

:I-(CFM[§ ..... ~ Bed (Incdi WG) risjtI&bi

333 40 ft/minute 99.9% 2 Inches 0.25 sec. 0.90 (±0.30) 105

Standard Options: Note: Flanders/CSC's Service Division can
refill and recertify most types of High Efficiency

1 Different length cells Gas Adsorbers.
2 Special frame materials
3 Special adsorbents
4 Special faceplate
5 Sample canisters
6 Custom sizes

18
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Carbon Sampling Canisters Radioactive Iodine Performance
In nuclear applications, *US Reg. Guide 1.52
details the frequency of having carbon tested
for ability to remove methyl lodide. The sampler
devices shown simplify the sample taking
procedure. The sampler Is removed, the
sampler space Is blanked off, and the sample is
sent to the lab for analysis. No In-place test is
required. (Note: If a filter is removed to provide
a sample, an in-place test must be performed
after the filter is replaced.)

Existing systems can use the compatible
Flanders/CSC sampling system for easy
conversion.

Carbon Sampler Blank Oft Plug and
Canister/Plug Removal Tool (furnished)

4 +

V

I USL

Flanders/CSC can provide radioiodine testing
services on samples of carbon to determine if
the samples meet customer specifications. Tests
can be expedited to prevent extended downtime
of the customer's air filtration system. Tests are
performed to latest versions of ASTM-D3803,
ASME N509 and ASME AG-1; but, any
standard radioiodine testing can be performed.
Customer can also specify custom test
parameters, if required.
:US Nuclear Regulatory Commission Regulatory Guide 1.52.
Design. Testing and Maintenance Criteria for Post Accident

Engtineered-Safety-Fetaure Atmosphere Cleanup System Air
Fitabwo AdwrtiocUnits -Ught-Wafl-CooleMhucsrPowrPlnsw .

Types of Adsorption
There are threi types of adsorption that
concern us: 1. Kinetic, 2. Isotopic Exchange,
and 3. Complexing or Chemisorption.
Kinetic: Kinetic adsorption of a gas molecule
or chemical vapor is the physical attraction
of the molecule to the carbon granule by
electrostatic forces. These forces, as they
apply to small particles, are governed by
van der Waals theories, and these attraction
forces are termed van der Waals forces. Since
these forces are physical in nature, the forces
can be undone by physical effort. Thus, high
temperature, high humidity, or other natural
causes may cause an adsorbed contaminant to
desorb.
Generally, the higher the boiling point, the larger
the molecule size, and the lower the melting
temperature, the easier the molecule is to
kinetically adsorb and the stronger it Is held once
it is adsorbed.
Isotopic Exchange: A second "adsorption"
mechanism is isotopic exchange. Radioactive
materials usually have a family of Isotopes. If a
stable isotope Is adsorbed on the carbon
initially, an unstable isotopic compound will,
when it comes into contact with the stable form
of the element, exchange the Isotopes. The

19
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stable form Is now on the airborne molecule and
the radioactive form Is on the molecular
structure of the impregnant. An example of this
Is carbon Impregnated with KlJ. The radioactive
form of Iodine in the organic form CHAI' will
Isotopically exchange with the iodine on the
carbon. This exchange Is nondirectional,
meaning the adsorbed (exchanged) radioactive
species of iodine may very well ii'hThge-:
again. 'The result will be a different airb3Thine
radioactive methyl iodide molecule. This new
radioactive molecule may again isotopically
exchange with stable iodides on the carbon
in the K13.impregnant, and so on, until the
radioactive Iodine is delayed long enough to
decay into stable xenon.

Complexing or Chemisorption: A third
capture mechanism Is chemisorption. This is
the actual complexing, attaching chemically, of
a radioactive Iodine species to a stable
impregnant that has the ability to share
electrons. Once the iodine is complexed. it does
NOT desorb similarly to isotopic exchange.
However, it may desorb similarly to the kinetic
adsorption discussed. But if It does, the entire
Impregnant desorbs from the carbon, not just
the iodine. An example of this is to Impregnate
the carbon with triethylenediamine (TEDA) or
some other tertiary amine.

To take advantage of both Impregnants and
capture mechanisms, carbon can be co-
impregnated. This allows the carbon to be
used as a kinetic adsorber, an Isotopic
exchange medium and a complexing agent.
As long as the operating conditions are kept
within normal bounds, the carbon will perform
as required. It will perform under high humidity
conditions and under high temperature
conditions better than a carbon with a single
impregnant.

Efficiency vs. Penetration
There Is often confusion between "efficiency"
and "penetration" of contaminants through a
carbon bed.

.Efficiency Is the ability for the carbon to remove
a desired contaminant. Methyl iodide efficiency,
for example, Is determined by challenging the
carbon with an actual radioactive methyl Iodide
vapor. The amount of the contaminant upstream
of the carbon is known, and the amount that is
collected on backup beds Is measured. The
efficiency of that carbon sample to remove
methyl iodide Is easily calculated by comparing
the counts of the carbon'sample to the counts
on the backup beds. Test parameters such as
temperature and relative humidity greatly affect
the efficiency.

Penetration, on the other hand, is a term used
to indicate the degree of leak tightness for
installed carbon systems. The Installed system
is subjected to a test gas that is easily adsorbed,
such as R-11 (trichlorofluoromethane). The
penetration, or by-pass of the R-11, is measured
downstream of the filter and that amount is
compared to the amount measured upstream
of the filter. A penetration value in percent Is
easily calculated from the collected data. This
is also termed mechanical efficiency.

ResidenceTime
Residence time is the term given to the time that
a gas stream contacts a carbon bed. For
example, if a carbon bed were a foot thick and
the air stream moved at one foot per minute,
the residence time would be one minute. It would
take one minute for the air to move through the
bed.

Typically, the carbon bed is 1-inch thick and the
air velocity is 40-feet per minute. What would
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the residence time be in that situation? (0.125 RT =5J
seconds) The residence time can be calculated 80
easily from the following relationships:

RT=5 x Q
V

Where:

RT = Residence time (seconds)

D = Depth of carbon bed (inches)
V = Velocity of gas through bed (feettmin)

Most of the time, the velocity will not be given
and must be calculated from the relationship:

V = .Q
A

Where:

V = Velocity of gas through bed (feet/min)

A = Unbaffled area of carbon bed (sq.ft)

0 =Quantity of gas flowing through bed
(CFM)

Let's take an example from real life: Assume
that 0=1,000 CFM and that a single 6 panel,
16-Inch deep (in direction of air flow), 2-inch bed
depth filter is to be used. To calculate the
residence time, first determine the area of the
carbon bed. The total area Is 12.5 sq. ft. The
12.5 ft2 is determined by actual measurements
of the unbaffled bed area on one side of the
carbon filter. Therefore:

A

V= 1000 CFM
12.5 ft

V = 80 ft/min
And:

RT =
V

RT = J2
80

RT = 0.125 second

The concept of residence time is very important
from the designers point of view. That Is why
FlandersICSC is taking a lot of time to explain it
fully. Flanders/CSC cannot design a system
unless we know either the actual residence time
required, or all of the parameters that determine
the optimum residence time, (flow rate, contami-
nants, concentrations, temperature, humidity,
required efficiency, etc.)

The residence time is critical to the chemisorp-
tion or complexing phenomena. As the gas
enters the bed, it must have time to interact with
the impregnants on the carbon. Too little time
will mean that the contaminants will not Interact
completely with the carbon or impregnants. Too
much time means that the system Is not de-
signed efficiently.

In summary, you need to be aware of the
Important of residence time because the first
question we ask about an Inquiry for any
carbon system is, "What is the residence time
requirement?" If you do not know, we will have
to determine It before the best system can be
designed by our engineering staff.

Capacity
The capacity of activated carbon is the
percentage of Its own weight that an-activated
carbon can adsorb of a given vapor under
certain conditions. Some of these conditions
are vapor concentration, temperature, humidity,
air velocity, and defined breakthrough.

Example: If 100 pounds of activated carbon
adsorbs 15 pounds of benzene before it reaches
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acustomerdefined breakthrough pointof5 ppm,
then the capacity of that activated carbon for
benzene is 15%.

Decontamination Factor
The Decontamination Factor is the ratio of the
concentration of a contaminant in the untreated
air to the concentration of the contaminant in
the treated air.
If anyone asks what the Decontamination
Factor (DF) of a filter is, the answer can be
obtained by calculating the RECIPROCAL of the
penetration expressed as a fraction, or

DF = 1
Pen.

Examples:

Penetration Calculation Result
40%

0.1%

5%

DF = 1
0.40

DF = 1
0.001

DF = 1
0.50

DF = 2.5

DF = 1,000

OF = 20

2. Carbon filters must

a Exhibit a minimum mechanical
efficiency of 99.9% (i.e.. HEGA).

b Use high quality coconut shell
activated carbon.

c Be sized for approximately 0.125
second residence time.

3. All filters should be installed In 'Bag-in/
Bag-out" housings to protect main-
te nance personnel and the environment

4. Filtration system designs should have
provisions for pulling samples of air or
carbon for laboratory analysis (to assist
In determining when carbon adsorbers
need changing).

5. The disposal of hazaradous waste (i.e.,
spent HEPA and HEGA filters) should
also be considered. Any HEPA or HEGA
filter containing regulated chemicals
should be disposed of in accordance with
Federal, State and local restrictions.

6. The filtration system must be manufac-
tured under a good quality control
program such as one that addressed the
requirements of ASME NOA-1, oQuality
Assurance Program Requirements for
Nuclear Facilities.

Design Principles for Filtering
Dangerous Chemical Contaminants
it Is generally acknowledged that a properly
designed filtration system to remove dangerous
chemical contaminants should be as follows:

1. HEPA filters should be used to trap
dangerous particulates and protect the
carbon filters from collecting particulates
and thereby increasing the adsorber's
pressure drop.
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The following are some random thoughts and
Information that will help you form a general Idea
about carbon filter technology. These comments
are to be considered as general axioms, and
the reader should be able to 'fill In" some of the
unknown factors when unusual situations arise.
However, there is no substitute for expert
advice and opinion, and the reader is urged to
contact Flanders/CSC for answers to any
technical problem, specific questions or
additional Information.

1 Elemental Iodine Is adsorbed by
attraction of the iodine to the carbon.
This Is called Kinetic adsorption.

2 Methyl Iodide, which comes from
elemental iodine (12) combining with
methane must be adsorbed by.
chemisorption, usually in the form of
isotopic exchange when KI carbon Is
used or complexing when TEDA carbon
is used.

3 The recommended residence time for
methyl Iodide Is 0.25 seconds residence
time per 2-Inch bed. Tests have shown
that the carbon will perform as required
at twice that velocity or half that r
esidence time for a limited time period.

4 As the humidity Increases, the ability of
the carbon to perform is adversely
affected. However, the carbon must
perform at 95% relative humidity
in order to meet ASME AG-1
requirements.

5 The heavier the molecular weight of a
material, the easier It Is to adsorb.

6 The higher the boiling temperature of a
material, the easier it is to adsorb.

7 The converse of 5 and 6 Is true.
8 One gram of 60% active carbon (as

measured by carbon tetrachloride) has
a surface area of about 1,000 square
meters.

9 The adsorption coefficient of carbon Is
the amount of a given material that the
carbon will adsorb, by weight.

10 Some hard to adsorb materials can be
displaced by easier to adsorb materi-
als. For example, acetic anhydride may
displace acetone. Acetone may
displace acetaldehyde, and acetalde-
hyde may displace acetylene.

11 The lower the concentration of a
material, the harder to achieve a high
removal percentage.

12 One gram of carbon will adsorb one
milligram of iodine. The potential
inventory of radioiodine In a nuclear
power system Is very small.

13 Since carbon will adsorb anything
adsorbable, It can be polsoned by
harmless materials and be unable to
adsorb the material that it was designed
to control. That is why the carbon should
always be protected from vapors that will
harm It.

14 Shelflife of carbon in properly packaged
drums or In filters having a vapor
barrier of some kind can be as long as
five (5) years. Flanders/CSC recom-
mends that carbon over three (3) years
old be retested to assure that it meets
the efficiency requirements of the
original specifications.

15 Methyl iodide adsorbs-desorbs-adsorbs
through the bed, exchanging Iodine at
each Juncture. That is to say, methyl
iodide can be radioactive-stable-radio-
active-stable until It decays Into harm-
less xenon.

16 Elemental Iodine, once adsorbed,
usually stays adsorbed.
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HNF-14755, Revision 1, Appendix 2B
242-A Evaporator Process Flow Data
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The process flow sheet allows people to model the 242-A Evaporator plant by entering different
values in place of the values used in this flow sheet. A majority of the assumed flow conditions,
which are variable or subject to change, are located in one area of the flow sheet. Changing any
of these flows or values results in an immediate adjustment in the flow sheet and a recalculation
of new values. The partition coefficients and the activity coeficients, located in two columns of
the spreadsheet, can be changed easily when data support new values for these constants. Also,
the equations in the spreadsheet can be changed, if desired, to accommodate changes in the
242-A Evaporator plant or new assumption about the stream flow relationships.

The ability to change the flow sheet increases the opportunity for many groups to use the flow
sheet for their own purposes. For example, process engineering can use the flow sheet to
estimate concentration of radionuclides in the effluent streams. Advanced engineering can use
the flow sheet to predict the effect of changing the partition and activity coefficients. Using feed,
product, and effluent data, the activity and partition coefficients can be adjusted to match
operating conditions. Health Physics personnel can use the flow sheet to estimate effluent
concentrations when plant conditions change. The decontamination coefficients provide a
measure of the efficiency of the process in containing radioactivity and preventing releases to the
environs.

2B.1 DESCRIPTION OF FLOW SHEETS

The following are specifics on the flow sheets presented in Tables 213-1 through 2B-4 of this
appendix. The assumptions evolved during development of the flow sheet. References are made
to the design calculation sheets, which provide examples of the equations and formulas used in
calculating the values on the flow sheet.

Each column is identified separately, giving a brief description of the flow and the methodology
and assumptions used in calculating the values. Reference to an example calculation is noted to
clarify how the values were derived.

The first two columns describe the radionuclide, inorganic or organic chemicals and the units.
Two values are used for each chemical to simplify construction of the Symphony spreadsheet.
The space allowed for the equation for each cell is limited in size, which limits the number of
mathematical operations that can be performed for each cell. Also, two cells allow for a quick
scan of the values to determine if the input and output from a vessel is balanced. The other cell
has values in units that can be compared to environmental release limits.

Table 2B-1, Sheet 1

Column 3. Stream I. Feed: The feed stream enters the C-A-1 vessel recirculating loop from feed
tank TK-241-AW-102. A flow rate of 340 L/min (90 gal/min) was selected as an average flow
rate. The temperature value comes from the previous flow sheet FDM-T-600-0000I
(H-2-69320). Feed density (Sp. Gr.) is calculated using the primary inorganic chemical
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composition values and the PR EDICT computer equations (note slurry sp. gr calculation
example on page 8 of the design calculation'sheets). Pump pressure for the feed was assumed to
be 340 kpa- (50 lbflin2-) gauge.

The individual values for the chemicals (mg/L and FCi/mL) are an average of samples from
three double-shell tanks, 241-AW-101, 241-AW-1 03, and 241 -AW-106 (not the appropriate
columns in Table 2B-2. These three tanks contain a near double-shell slurry feed (DSSF)
product. The values for each tank were averaged (labeled TI-355 Values). A standard deviation
for the sample values is also shown. The next column is entitled "Adjusted Feed to C-A-I." The
"AverageTI-355 Values" values were multiplied by 70% and entered in the "Adjusted Feed to
C-A-I" column as the "best guess" of the feed concentration. The values were then adjusted
upward so that the slurry values of the Stream 2 column matched the average of the sample date.
The "Adjusted Feed to C-A-l" values are identical to the "Stream " values and the column
labeled "Typical Feed to C-A-l" in Table 2B-3. The feed values required adjustment based on
the partition coefficient values and the activity coefficient values. For example, the "ol"
(tritium) concentration value from the tanks sampled was 1.0 E-02 FCi/mL. The value for the
feed input is higher (1.8 E-02 FCi/mL) to account for the low 311 partition coefficient (6.6 E+03).
The low partition coefficient means that a larger fraction of the tritium is evaporated overhead
with the condensate stream, the expected path for tritium because tritium is part of the water
molecule.

The column next to "Average TI-355 Values" in Table 2B-2 is labeled "Std. Dev. +/-." The
"values" in this column is the calculated standard deviation for the values used to calculate the
average values. The standard deviation is a little misleading because each tank result is an
average of four samples for the tank. Therefore, the standard deviation values, in most cases, are
nearly equal to the average value. This suggests that the variation in values is wider than if the
values were selected from the same statistical population of values. The wide variation in values
is expected for double-shell tank sample analysis because each tank contains a mixture of waste
from a variety ofsources. The sample analysis values from these tanks, when compared to other
typical feed for the 242-A Evaporator, are higher. This comparison shows that the waste in the
three tanks is concentrated waste.

Stream 2. Slurry: Slurry flow for this flow sheet is based on a 30% waste volume reduction
factor. The inorganic and radionuclide concentrations are calculated using the partition factor.
The partition factor is a measure of the equilibrium concentrations of a substance in the gas and
liquid phase when steady state can be assumed. For example, the partition coefficient for "311" is
6.6 x 103 (Table 28-3, Column entitled "C-A-1 Vapor Space Part. Coeff.") The partition
coefficient means FCVmL 3H in the liquid phase divided by FCi/mL 31H in the aqueous phase,
assuming equilibrium conditions. An example of the calculation equations is shown on pages 2
through 4 of the design calculation sheets.

Organic concentrations are calculated using the pure vapor pressure of the compound and the
activity coefficient for that compound. These values are used instead of partition coefficients
because the vapor concentrations of organics are temperature dependent. As the temperature
increases, the organic concentrations in the vapor phase also increase. For an ideal organic
vapor, the activity coefficient would be 1.0, meaning that the vapor phase mole fraction equals
the liquid phase mole fraction. The activity coefficient, therefore, is a measure of how close the
organic vapor concentrations correspond to an ideal gas. Activity coefficients near 1.0 mean that
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the gas and liquid phase concentrations behave like and ideal gas (Raoult's Law). Activity
coefficients further from 1.0 are a measure of the non-ideal behavior of the gas. Example
calculations using acetone are shown on pages 6 and 7.

All water entering the C-A-1 evaporator vessel [(-B-I and P-B-2 pumps seal leakage (Streams
30 and 31). humidity in the air purges (an input value on the Table of Constants, Table 2B-4),
deentrainer pad flushes (Stream 2)] and 30% of the feed stream water is evaporated overhead.
The remaining water flows through the slurry pump as part of Stream 2. The density calculation
is similar to the density calculation of Stream 1. Vessel C-A-1 temperature is calculated using
the equation of the PREDICT program. An example of the calculation is presented on page 8 or
the design calculation sheets.

The radionuclide, inorganic, and organic concentrations in the P-B-2 pump seal water leakage
flow (Stream 31) are assumed to flow with the slurry flow. This assumption is opposite for the
P-B-2 pump seal leakage-water flow (Stream 31), which is assumed to flow with the overhead
vapors. This means that the pump P-B-2 seal water leakage rate does not dilute the slurry flow
but merely adds a minor amount of chemicals to the slurry flow.

The calculated specific gravity for the slurry (Table 2-15) of 1.4 is an indication that this flow
sheet is near the maximum expected concentrations for future 242-A Evaporator campaigns. In
the past and evaporator product has been considered a DSSF product if the density is in the 1.4 to
1.5 range.

Stream 3. Filtered Raw Water: Filtered raw water flows into C-A-1 vessel as a spray on the
deentrainment pads to wash the overhead vapors. All water entering through Stream 3 is
assumed to be evaporated overhead with the vapor flow. Any organic, inorganic, and
radionuclide compounds are assumed to be in equilibrium with the other C-A-1 vessel
compounds and either exit with the slurry flow or the overhead vapor flow. The density of the
water flow is calculated by suing a regression equation developed for pure water (page 8 of the
design calculations). The raw water temperature in an input value. The temperature comes from
the raw water samples taken for the Part B Permit.

Stream 4. Vessel C-A-I Overhead Vapor Flow: Column S contains all other compounds that
enter C-A-1 vessel and do not flow with the slurry flow. The vacuum for this flow is a value
selected for the flow sheet (i.e., 50 torr as shown in Table 2B-4). The gas temperature is also
value selected for the flow sheet (Table 213-4). The vacuum and temperature values are used
determine the volume flow rate of gases for this stream. The vapor flow rate, the slurry flow
rate, the partition coefficient values, and the activity coefficients are used in the equations to
calculate the slurry and overhead flow rates of the stream components.

a
to

Stream 5. E-C- I Condensate Flow: Vapors condensed in the primary condenser are assumed to
be in equilibrium with the vapor flow exiting from the condenser. Different partition coefficients
are used for these calculations because data.collected for partition coefficients show the pure
water partition coefficient (steam condensate is considered to be pure water) to be lower than
that for liquids containing dissolved salts (Iendixsen 1989). An assumed water leakage rate
[note constant in Table 2B-4 of 0.01 g/m (2.2 x 10'5 lb/m)]. for the condenser also adds organic,
inorganic and radionuclide concentrations to both the condensate and vapor flows from E-C-l.
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Stream 6, E-C-1 Vapor Flow: The E-C-I vapor flow vacuum is calculate using an input value for
the E-C-1 pressure differential (20 toff), not value in the Table of Constants, Table 2B-4. The
vapor flow also includes ambient air and water vapor flows (Stream 27). Both the vapor
temperature and humidity are calculated using equations that assume saturated steam for the
E-C-1 vapor flow. Heat transferred to the raw water flowing through the condenser assumes a
10% heat loss to the room. and the remaining heat raises the cooling water temperature.
Examples of heat transfer calculations are shown on pages 9 and l0 of the design calculation
pages.

Stream 7. E-C-2 Condensate Flow: Vapors condensed in the E-C-2 intercondenser also include
the steam condensate flow (Stream 25) from the steam eductor J-LC 1-1. The steam flow
contains minor concentrations on inorganic and radionuclides that contribute to the condensate
concentrations. The calculation methods for the components of the condensate flow are identical
with the equations used for the E-C-l condensate flow.

Stream 8. E-C-2 Varor Flow: Vapors exiting E-C-2 contain the airflow rate from E-C-I (Stream
6). The pressure in the E-C-2 condenser is an input value on the constant table, Table 2B-4. As
with the E-C-I condenser, both the temperature and humidity values are calculated using the
saturated steam equations. The radionuclide, inorganic and organic concentrations are calculated
using the same equations, partition coefficients , and activity coefficients used for the E-C-1
vapor flow.

Stream 9. F-C-3 Condensate Flow: This stream contains the steam condensate flow and
radionuclides and inorganic concentrations from Stream 26. As with E-C-1 and E-C-2, the
radionuclide, inorganic, and organic concentrations are assumed to be in equilibrium with the
E-C-3 vapor flow (Stream 16) concentrations. The vapor partition coefficients for inorganics
and radionuclides are used to calculate the fraction of components entering from Streams 8 and
26 that are used in Stream 9. The pure component vapor pressure and activity coefficients for
the organic components at the temperature of the offgases determine the concentrations of
organic components in the condensate flow. The equations for these calculations are identical to
the equations for E-C-I and E-C-2. The E-C-3 vacuum in an input value shown in Table 2B-4.

Stream 10, Condensate Flow from Tank C-I 00: The water flow rate for this stream is the sum or
condensate flows from Streams 5, 7, and 9 minus a small vapor loss to Stream 32, the air exhaust
flow from C-100. The condensate concentrations for radionuclides, inorganics, and organics are
assumed to be in equilibrium with the concentrations in the exhaust airflow, Stream 32. The
equations for calculating these concentrations are identical to the equations used for E-C-2,
E-C-2, and E-C-3. Similarly, the pure water partition coefficients are used for radionuclide and
inorganic components. As before, the organic concentrations in the condensate flow use the pure
component vapor pressure and activity coefficients to calculate the concentrations. A heat
transfer calculation for tank TK-C-l 00 is not done because the tank temperature is assumed to be
near room temperature. There are no cooling or steam coils for tank TK-C-100.

Table 2B-1, Sheet 7

Stream 11. Condensate Flow to Liquid Effluent Retention Facility (LERFl: All flow values for
this stream are identical with the flow values of Stream 10 except for the total dissolved solid,
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"Sr, "Cs, "'Cs, and "'Cs values. The filter efficiency of the F-C-1 filter, a constant from page
C-1 (95%), removes part of the total dissolved solids from Stream 10.

Stream 12. Organic Flow to Tank TK-241-AW-102: No flow values are placed in this column
because the organic overflow back to TK-241-AW-102 is unknown and variable. Periodic
overflow from tank TK-C- 100 to tank TK-24 I -AW-102 is requested by engineering when an
organic layer is suspected or detected in tank TK-C-100.

Streams 13 and 14. Receneration Eluant Flows for IX-D-I: Ion exchange column IX-D-1 is not
used and its removal from the 242-A Evaporator is planned.

Stream 15, Inlet Airflow for the Vessel Ventilation System: A damper controls airflow into the
vessel ventilation system to control vacuum downstream of the E-C-3 condenser. This airflow
contains ambient water vapor. The average air temperature and humidity values from the
Hanford Meteorological measurement for the 46-year period prior to development of the flow
sheet were used as the values for this flow: 10 EC (50 EF) and 50% relative humidity. The flow
rate is an input value (500 std/ft'/min) on the constant table, Table 213-4.

Stream 16, Vapor Flow Upstream from the H-C-I Heater: This gas flow is the sum of gas flows
from the E-C-3 condenser and Streams 15 and 32.

Stream 17, AirFlow to F-C-5 High-Efficiency Particulate Air (TIEPA) Filters: Stream 16 is
heated by the Electric Heater, H1-C-1, to 66 EC (150 EF). This value was copied from the
previous flow sheet, H-2-39620. The pressure differential for the heater is an input value, 3 in.
1120, shown on the Table of Constants. The concentration of radionuclide, inorganic or organic
components for Stream 17 are identical to the values for Stream 16.

Stream 18, Stack Airflow: The values of this flow are identical to Stream 17 flow rates. The
concentrations of most of the radionuclides and organics are lower than Stream 17 because the
F-C-5 filter efficiency and differential pressure values are constants input on the Table of
Constants. The assumed F-C-5 filter efficiency of 99% removes 99% of the radioactive and
inorganic particulates flowing in the combined vapor flows. Only the volatile and semivolatile
inorganic and radionuclide components and the organic components are assumed to flow through
the filter without being captured. The volatile and semivolatile inorganic and radionuclide
components passing through the F-C-5 filter have been identified as 'H, "'Sn, "'Sb, '"Sb, 26Sn,
"'J, and NI-I.

Stream 19, Steam Flow to the E-A-I Reboiler: The steam flow rate is an input value from the
previous flow sheet H-2-69320 [12,300 Kg/h (27,000 lb steam/hr)]. The steam pressure is also
from the previous flow sheet [21 kPa (3 lbf/in )] (gauge). The concentrations of radionuclide
and inorganic components are input v.alues from an average of samples of the steam condensate
(Loll 1990c).

Stream 20, Steam Condensate from the E-A-I Reboiler: The steam condensate flow rates match
the Stream 19 values. This assumes no leaks from the system to either the process streams or the
atmosphere.

213-5
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I Table 2B-1,Sheet 13
2
3 Stream 21. Raw Water to E-C-1: This flow rate is an input value from the previous flow sheet,
4 H-2-69320 [13,000 Umin (3,500 gal/min)]. The water temperature and components
5 concentration values are input values from an average of samples of the used raw-water flow
6 (Loll 1990a). Heat transfer calculations for the condensate now (Stream 5) and the vapor flow
7 (Stream 6) are used to estimate the temperature of the used cooling water flowing into Stream
8 24.
9

10 Stream 22. Raw Water to E-C-2: This flow rate is also an input value from the previous flow
I I sheet, 11-2-69320 [303 Umin (80 gal/min)]. The temperature and components concentration
12 values are also input values from an average ofsamples of the used raw-water flow as explained
13 for Stream 2. Heat transfer calculations also estimate the temperature rise of the water exiting
14 E-C-2 to be I I EC (52 EF) (value below the Joules/min heat transfer rate).
Is
16 Stream 23, Raw Water to E-C-3: This flow rate is identical to E-C-2 because water flows directly
17 from the E-C-2 raw-water outlet pipe to the E-C-3 inlet raw-water pipe. Heat transferred to the
18 raw water flowing through E-C-3 raises the water temperature above the inlet water temperature
19 approximately 12 EC (54.EF) (value below the Joules/min heat transfer rate).
20
21 Stream 24. Used Raw Water to Treated Efluent Disposal Facility (TEDF): This flow is a
22 summation of Streams 21 and 23 subtracting the water leakage rate into E-C-1. The water
23 temperature is calculated using the combined flow rates and temperatures of Streams 21 and 23.
24 The heat transfer value is also the sum of Streams 21 and 23. The component concentrations for
25 this flow are calculated using the concentrations and flow rates of Streams 21 and 23.
26
27 Stream 25. J-ECI-I Steam Jet Stream Flow: The stream flow rate is identical to the steam flow
28 rate on the previous flow sheet, 11-2-69320, [309.09 kg/h (680 lb/h)]. Steam pressure is 7.2 x 205
29 kPa [I x 10 lbf/in2 (gauge)]. The radionuclide, inorganic, and organic concentrations are
30 identical to Stream 19.
31
32 Stream 26, J-EC2-1 Steam Jet Steam Flow: The steam flow rate is identical to the steam flow
33 rate on the previous flow sheet, 11-2-69320, 341 Kg/h (750 lb/h). Stream flow properties are
34 similar to Stream 25.
35
36 Stream 27, Air Leakage into E-C-1: Air added to control C-A-1 vessel vacuum flows into E-C-I
37 and is estimated be 708 Umin (25 std. ft/min). The temperature and humidity of the vacuum
38 are the same as Stream 16.
39
40 Streams 28 and 29, Steam Flow throueh H-C-1: These streams no longer have values because the
41 prior vessel ventilation steam heater has been replaced with an electric heater.
42
43 Stream 30. Pump P-B-1 Seal Water Leakage Flow: Filtered raw water leaks through the P-B-1
44 shaft seals at an estimated rate of 0.57 L/min (0.15 gal/min). This value is an input value on the
45 Table of Constants. Table 2B-4. The radionuclide, inorganic and organic concentrations are data
46 from the used raw water samples (Loll 1990a).
47
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I Table 2B-1, Sheet 19
2
3 Stream 31, Tank P-B-2 Seal Water Leakaae Flow: Filtered raw water leaks through the P-B-2
4 pump shaft seals at an estimated flow rate of 0.38 Umin (0.1 gal/min). This value is also in the
5 Table of Constants and the component concentrations are identical to Stream 30.
6 '
7 Stream 32, Tank TK-C-100 Exhaust Air Flow: The exhaust vapor flow rate from tank TK-C-100
8 has been estimated to be 708 Umin (25 std. f9/min) and the value is in the Table of Constants.
9 The radionuclide, inorganic, and organic components for this stream are in equilibrium with

10 Stream 10. As with E-C-1, E-C-2, and E-C-3, the pure water partition coefficients and activity
II coefficients are used to calculate the equilibrium concentrations in the gas and liquid flows. The
12 vapor temperature is assumed to be the same as the water temperature in tank TK-C-100.
13
14 Table 2B-2. Columns I and 2: These two columns contain the component and unit information
15 for the flow sheet. These columns contain similar information found in columns I and 2 in Table
16 28-1.
17
18 Columns 3. 4, 5. 6. and 7: These columns contain the most recent information on component
19 concentrations for the 242-A Evaporator. The column headed "WHC-SD-WM-PSE-008" is
20 from the hazard classification source term document identifying the maximum concentrations to
21 be used for the 242-A Evaporator accident analysis calculations. The column headed
22 "65959-87-720 Starr" was an earlier attempt by J. C. Starr to estimate the source term for the
23 accident analysis calculations. The next three columns are sample averages of three double-shell
24 tanks that contain soluble-shell slurry (DSS) and DSSF product from the 242-A Evaporator
25 (Hendrickson 1990).
26
27 Column 8: This column is a repeat of column 9 in Table 21-3 showing the raw water component
28 concentrations.
29
30 Column 9: Blank.
31
32 Column 10: This column is an arithmetic average ofcolumns 5, 6, and 7, which have values. A
33 blank space in columns 5, 6, or 7 is not averaged with the other values. If only one value is
34 shown in columns 5. 6, or 7, the value is transferred to column 10.
35
36 Column I1: This column is the standard deviation calculated for columns 5, 6, and 7. This value
37 represents a measure of dispersion of the sample data from tanks TK-AN-103, TK-AN-106, and
38 TK-AW-103. Column I I is blank if columns 5, 6, or 7 have no values or only one value appears
39 in columns 5, 6, or 7.
40
41 Column 12: The data in column I I was multiplied by 70% providing feed stream concentrations
42 for the flow sheet assuming a 242-A Evaporator campaign with a waste volume reduction
43 (WVR) of 30%. The flow sheet, therefore, represents current operation of the 242-A Evaporator
44 producing a DSSF product. For some components, the 70% value was adjusted upward slightly
45 to compensate for part of the components being discharged from the 242-A Evaporator with the
46 stack gas and process condensate flows. The adjustment was necessary so that the slurry flow
47 concentrations match the values in column 10. The values in this column were transferred to
48 column 3 in Table 21-3 providing the feed input data for the flow sheets.
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Table 2B-3: The first two columns of these pages contain Nuclide/Chemical and Units columns
identical to those in Table 2B-1. The third column is the feed stream data used by column 3 in
Table 28-1. The flow sheet was designed so that this column could be replaced with another
feed stream composition, and the spreadsheet would recalculate all o the streams using the
information in this column.

Column 4: The "Mole Weight" column contains the molecular weight values of the components.
The Mole Weight column is used to calculate molarity of the inorganics in the feed and slurry
streams. Stream molarity values are also used to calculate the boiling point of the slurry flow
and the density of the feed and slurry streams.

Column 5: The "Ion Charge" column contains the plus or minus ionic charge of the inorganic
species in solution. This column was originally placed in the flow sheet to determine total ionic
strength of the ions in solution. The information in this column is no longer being used by the
flow sheet.

Columns 6 and 7: "C-A-I Vapor Space Partition Coefficient" and "Condensate Partition
Coefficient" are the values used in the equilibrium equations to calculate the vapor space and
liquid concentrations of the radionuclides and inorganic components. These values were derived
from sample analyses of the 702-A Ventilation System Flowsheet (Dendixsen 1990). More
recent data have been used to further refine the numbers (DOE-RL 1990).

Table 21-3. Sheet 3. Columns 5. 6. and 7: Titles for these columns for organic compounds are
"Gamma," "A," and "B." Gamma is the activity coefficient calculated using the equations for
organic components in a water system (Pierotti et al. 1959). The activity coefficient is used to
calculate the mole fraction of the organic in equilibrium with the mole fraction of organic in the
liquid phase. "A" and "B" are the factors used in the regression equation for calculating the pure
component vaporpressure. The equation is an exponential equation of the form: Vapor Pressure
(mm Hg) = ExpA c1 where C is the temperature in EC. For some low boiling point organics. C
is EC + 273.12 (EK). The pure component vapor pressure equation is derived by selecting vapor
pressure data in the 30 to 50 EC range (Perry 1973) and calculating the regression equation.

Table 21-3. Sheet 1. Column 8: The "242-A Stack and Process Condensate Decontamination
Factors" column calculates the decontamination factor by dividing the feed concentration by the
effluent concentration. The evaporation stack decontamination values are generally very high
because the gas flow exiting from the C-A-I vessel passes through three condensers, a demister,
and double HEPA filters before discharging from the stack. A majority of the components are
removed from the stack gas flow by the vessel ventilation process.

On the flow sheet, the lower number for each pair of values is the decontamination factor for the
process condensate product flow. The decontamination factor for the process condensate is
influenced by the scrubbing efficiency of the C-A-1 vessel demister pads.

Columns 9 and 10: These columns contain the concentrations of radionuclides, inorganic, and
organic components in the raw water and stream flows entering the 242-A Evaporator. This data
is an average of sample analysis when the 242-A Evaporator facility was operating in 1985
through 1987 and 1989 through 1990 respectively (Loll 1990a and Loll 1990c).
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2 Table 2B-4: This page contains the Table of Constants used by the flow sheet. These values can
3 be changed by the user when new information concerning the process becomes available.
4 Changing one of these values changes the value of every place the value is used in the flow
5 sheet.
6
7
8 2B.2 REFERENCES
9

10 Dendixsen, 1989
11
12 DOE-RL 1990
13
14 Hendrickson 1990
15
16 Loll 1990a
17
18 Loll 1990c
19
20 Perry 1973
21
22 Pierotti et al. 1959
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RPP-24544 REV Id-

HNF-14755 REV I

I Table 2B-I. Process Flow Sheet for 242-A Evaporator. (24 sheets)
2

- P-8-2 C-100
Seal Air

escription Wits Water flow
strewm tutor .31 32

ED3A mg/L 0.0E00 2.SE-12
EO3 mg/min .OfE+00 8.0.10
EOTA mg/L . 0.0E.00 7.2E-12
EOTA mg/min 0.OE+0 2.31-09
Ethylxylene mg/L 0.0E+00 7.2E.07
Ethylnyene g/sin 0.0E.00 2.3E-04
Hectaecane . g/L O.0E00 0.0E00
Heptadecane g/sin 0.0E+00 0.0E+00

eptadecan0oc mg/t 0.0E+00 1.9E-09
Acid mg/ain 0.01E00 6.3E-07

Hetanedioic mg/I 0.01E00 2.8E-08
Acid mg/min 0.0E-00 9.2E-06

hexadecane mg/I. 0.0E0 0.0E+00
Hexadecane mg/ain O.0E+00 0.0E00
Iexadecanoic mg/I. 0.0E+00 3.SE-09

Acid mg/sin 0.0E00 4.9E-0?
Hexanediolc mg/L 0.0E+00 2.4E-11

Acid mg/min 0.0E*00 7.8E-09
exanoic mg/L 0.0E+00 2.2E-08
Acid mg/sin 0.0E40 7.0E-06

itydroxyacetic mg/L 0.0E+00 3.1E-03
Acid mg/sin 0.0E+00 1.0E00

2-XydroxY"thyl- mg/IL 0.0E00 2.5E-06
benzoIC Acid mg/sin .OE+00 8.2E-04

Methoxyi- mg/IL 0.0E+00 0.06E00
glycol mg/min O.6OCO 0.0E+00

Methsytri- mg/1. 0.0E00 0.0E+00
glycol mg/min 0.0E+00 0.0E+00

ethyhle,!. mg/L 0.0E00 7.0E-05
aldahydC a/in 0.0E0 2.3E-02

2-MethyfnZo1C mg/IL 0.0E+00 5.5E-06
Acid mg/sin 0.0E00 l.8E-03

MetnyIene 5g/I. 0.06.00 0.0E+00
Chloride mg/ain 0.0E+00 0.0E+00

2-Methyl.Iiydroxy-mg/L 0.0E00 3.0-04
methyl benzene mg/sin 0.0E+00 3.4E.0

Methyl f-rOoyl Ing/L 0.0E+00 0.0E00
ketone g/sin 0.0E00 0.0E*00

Methyl o-butyl mg/L 0.0E+00 0.0E+00
tetone mg/min 0.0E40 0.0E00

MIBA Sg/L 0.0E00 0.0E-00
(Nexone) mg/min 0.0E+00 0.0E+00

2-Methyl. mg/L 0.0E+00 0.0E.00
w',ant mg/Sin 0.0(-00 0.0E.00

.etyl-n mg/L 0.0E+00 1.3E-07
Smg/ain 0.0E00 4.2E-05

n-C22H46 . mg/L 0.0E00 1.3E-09
- C40MZ mg/min 0.0E40 4.2E-07

KOTA Ag/L 0.05+00 1.8E-06
KOTA mg/min 0.0E+00 5.8E-04
MICA mg/L 0.0E00 2.2E-06
MICA mg/min 0.0E00 7.1E.04
MICEQA mg/L 0E00 1.1E-07
MICEDA g/sin .0600 3.6[-05
Nitrilotri- bg/L 0.0.C00 2.3E-08

acetic Acid g/sin 0.0E-00 7.3E-06
Octodecaoic mg/L 0.06.00 3.5E-10

Acid mg/min 0.0E400 2.E.07
o-Iylene Mg/l. 0.0E0 0.0E+00
o-IyIere g/sin 0.0E00 0.0E00
p-Clorotoluene mg/L 0.0(+0 0.0E+00
p-Chlorotoluene ag/stn 0.0E+00 0.0E+00
p-Dichloro. mg/L 0.0E00 0.0E.00

beene glain 0.0E+00 0.0E00
Pentadecane mg/L 0.0E00 1.4E-09

3

T2B-23

A5-91
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RPP-24544 REV Id

HNF-14755 REV I

Table 2B-2. 242-A Evaporator Feed to C-A-1. (4 sheets)

so-10, 6596-37 50-iA SO-Wi S.a Anr Stid,
.PES .?Suar -11.35 .11-355 .7f3t. i 1-35. n.

Wtass' ss wss OSSF OW' uater Values I,.

6.1-00 6.E-00

SMI-tr "'t
cftl- wctL

3.54h11ny. .91L

htidiM

OtinidtoltC c f gl.dtyini v. incA

,L

at'-cmic 0qL

A rtttt

km.

i 0emedieitt /t A zeft

Ctiey *kn SiL

thiy' knet.* qa/L

Ytr, 091).

Mr. 1. glycl

lit yl Aa

Agot dlthyr. iw*%

iMthl n Ag/L
ftI*,..dt" .91L

It~aden' *911

Acid

Aw~dlw "lit

kid

tr.ncrIyc a.
Acid

2.itdv..tb, - .1,)

2-ow"Wyyl "ma

hific Acid

Imthyajsi. "It0glycol

nlethyln-rI. nfL

Iathvidfl L59

(.94

ki
2fltt(vl .ii091L

.eXy *l
SA.'-. r

All".
tiy Abilyl")

2Act". qi

"letan "M

to W-g .
1422 . 91

I 21-41

4 6140

4,21-03

4 61+01

61.02

4.K.06
.E-01

2.4-00
2.n102

6.0-01
4.X-0

2.7E-01

6.K+02
SUE01

I Il-GO
I 7(40
9.5(-Cl

1.2f.01 . .60101
2.X.03 L.9(43 OSUOG
21E.01 LI.14 2.2E40
9.S1-0 6 41-01
4 2f.03 2.6143

4 6E-01

4.1(0 I(.C

6.1-01
7.41+04

4.61E01

3.X01

4.9(-O 5.E14?

1.11.01 66(40 8.0110

3.2E-01 2.c-01

2.4E-01 1.(-0o
2.E7(1 1.9(41

1.X-f!
3.61.0!
4.X*01

4.41.0!

2.7f.01

6.9-02
1 K-101

3.1E-02

3 5.0

1 H614

1.9-01
2.6101 2.5E-01

3.E'01

6.*14!
2.6-01

S.K-02
LAE-3!

2 *-02

3.100 2 U.00

1.E-*tE 2 U&CO I1 X01

26. E01 1.5-01

T2B-27

A5-95

2
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Table 2B2-4. Table of Constants.
i-EC-I Steam Flow Rate 6.8 E+02 lb/h

J-EC2-I Steam FLow Rate 7.5 E+02 lb/h
Air to control C-A-I vacuum 2.5 E+01 scfm

RW to E-C-I 3.5 E+03 gpm

RW to E-C-2 8.0 E+01 gpm

Steam to E-A-1 2.7 E+04 lb/h
Steam to 11-C-1 . 0.0 E+00 lb/h
Air added to exhaust flow 5.0 E+02 scfm

Feed flow to C-A-1 9.0 E+01 gpm
Filtered RW 1.0 E+03 lb/h
Waste Volume Reduction 3.0 E+01 %
C-A-1 Vacuum 5.0 E+01 Torr
P-B-1 Seal water flow rate 1.5 E-01 gpm
E-C-I Water leakage rate 1.0 E-02 gpm
P-B-2 Scal water flow rate 1.0 E-01 gpm
E-C-I Pressure drop 2.0 E+01 Torr
Inst. Air into C-A-I 1.0 E+00 CFM
Percent heat losses to room 1.0 E+0 I Percent

E-C-2 Pressure 8.0 E-01 psia

E-C-3 Vacuum 3.0 E+0 Iin. of HO

F-C-1 Filter efficiency 9.5 E401 Percent
F-C-5 Filter efficiency 9.9 E+03 Percent

E-101 Batch Size 3.4 E+03 Gal

E-101 Temperature 7.0 E+01 C
E-101 NaNO3 Molarity 1.0 E+00 MolestL
H-C-1 Differential Pressure 3.0 E400 in. H20
F-C-5 Differential Pressure 4.0 E+00 in. 120

9OSr IX adsorbing eff. 9.5 E+01 Percent

134Cs. 137Cs IX eff. 9.5 E+0 I Percent
Gas Flow, C-100 to Stack 2.5 E+01 SCM
Water Vap. Pressure Coeff. 5.7 E-02 -1.4 E+0 I
Alpha Hydrogen (G) 1.6 E+00 Molecules/I00-eV

Beta Hydrogen (0) 6.0 E-01 Molecules/I00-eV

Gamma Hydrogen (G) 4.5 E-01 Molecules/lOO-eV

C-A-I Volume 2.5 E+04 Gal

T2B-35
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Tan Name Aalyte
241-S-109 Zr
241--109 Zr
241-S-109 Zr
241-4-109 Zr
241-S-109 UTOTALJ
241-5-109 UTOTAL.
241-S-109 UTOTAL
2414-109 UTOTAL.
2414-109 TOC
241-S-109 TOC
241-S-109 TOC
241-6-109 TOC
241-109
241-S-109
241-S-109
241-S-109
2414-109
241-S-109
241-S-109
241-S-109
241-S-109
241-S-109
24s-109
241-S-109
241-S-109
241-S-109
241--109
241-SADO
241-S-109
241-4-109
241--109
241-S-109
241--109
241-4-109
241-4-109
241-8-109
241-4-109
241-4-109
241-S-109
24t-5-109
2414-109
241--109
241-S-109
241-S-109
241-S-109
241-S-109
241-S-109
241-4-109
24141-109
241-S.109
241-S-109
241-S-109
241-S-109
2414109
241-S-109
241-S-109
2414-109
2414-109
2414109
2414-109
241--109
2414-109
241-S-109
241-3-109
241-S-109
241,&109
2414-109
241-S-109
241-S-109
241-S-109
241-S-109
241-4-109
241-S-109

a 241-S-109

Waste Phase
Sal Cake (U"uids)
Sat Cake (SOds)
Skidge
Total
Sal Cake (Liquis)
Sa Cake (Solds)

Total
Saf Cake (Liquids)
Sal Cake (SaWS)
Skdge
Total

TIC as CO Salt Cake (liquids)
TIC as CO Salt Cake (Solds)
TIC as CO Sludge
TIC as CO Total
Sr
Sr
Sr
Sr
S04
$04
S04
S04
Si
Si
Si
SI
Po4
P04
P04
P04
Pb
Pb
Pb
Pb
Oxlte
ox11ate
Oxalate
Oxalate
N03
N03
N03
N03
N02
N02
N02
N02
P4
P.
P4

Na
Na
Na
Na
Mn
Mn
M
Mn
La
La
La
La
K
K
K
K
Hg
Hg
Hg
Hg
Fe
Fe

San Cake OUqulds)
Saf Cake (Solids)
Sludge
Total
Sat Cake (Liquids)
Sell Cake (Solids)

Tota
Salt Cake (OlU ds)
Sal Cake (Solds)
SAudge
Total
Salt Cake (Liquids)
Sat Cake (Solds)
S4udge
Total
Sa Cake (Uquids)
Sat Cake (Solds)
Sludge
Total
SON Cake (Lquis)
Sat Cake (Sos)
Sludge
Total
Sal Cake (LIquids)
Sal Cake (Solds)
Sludge
Total
Sao Cake (Uqwds)
Sel Cake (Solids)
Sludge
Total
Sat Cake (kids)
Salt Cake (SoNds)
Sludge
Total
Salt Cake (Liquids)
Salt Cake (Solds)
Sludg"
Total
Sell Cake (Liquis)
Salt Cake (Souds)

Total
Sat Cake (Uqudds)
Salt Cake (Solds)
sludg
Total
Sat Cake (Lkuids)
Sal Cake (Solds)
Sludge
Total
Sal Cake (Mquids)
Sal Cake (Sold s)
SIkdge
Total
Sal Cake (Liquids)
Salt Cake (Solds)

Waste Type
S1-WitCk(LRqWd)
Sl-SitCk(SOM)
RI (Sold)

SI-ShiCk (Lkquid)
SI-SniCk (SWld)
RI (Sold)

SiatCk (kluM)
SI-Sftl (Sold)
R1 (Sol)M

Si-SICk (Lquid)
SI-ShCk (Sold)
R1 (Sold)

SI-Su1Ck (Uud)
51-SlCk (Soed)
RI (Sold)

S1-StCk (Lkquid)
SI-SeCk (Sold)
RI (Sold)

SIS1 Ck (lquid)
SI-SaCk (S)ld)
RI (Sold)

SI-SaCk (tLqtid)
SI-SRCk (Solid)
RI (Sold)

SI-SICk (iquid)
Si-SCk (Sold)
RI (Sold)

SI-SMCk (Liquid)
51-SCak (Son)
RI (Sod)

Si-SaCk (-QUbd)
S I-SRCk (Solid)
RI (Sold)

Si-SCk (Uiquid)
SI-SftCk (Sold)
RI (Sold)

SI-SitCk (Liquid)
SI-SiCk (Sold)
R1 (Sold)

SI-SPtCk (Liquid)
SI-ShiCk (Sold)
R1 (Sold)

SI-So:Ck (Uiqdd)
Si-ShCk (Sold)
RI (SoM)

SI-SlCk (Uquid)
SI-SCk (Sold)
RI (Sol)

SI-SiCk (.Mud)
SI-SRCk (Sold)
RI (Sold)

SI-SiCk (lquid)
SI-SuCk (Solid)
RI (Sold)

SI-SCk (Lquid)
SI-SRCk (Sold)

invenlory
Ilventory Units
2.53E-01 kg
2.17E+01 kg
5.07E+00 kg
2.70E+01 kg
9.59E-02 kg
1.84E+02 kg
4.15E+02 kg
6.00E+02 kg
7.02E+01 kg
2.16E+03 kg
9.11E+01 kg
2.32E+03 kg
6.17E+02 kg
7.06E+04 kg
7f.7E+02 kg
7.20E404 kg
2.772-03 kg
2.43E00 kg
2.60E+01 kg
2.85+01 kg
1.0E+02 kg
2.47E+04 kg
1.04E+02 kg
2.49E+04 kg
8.58E+00 kg
1.02E+03 kg
1.34E+02 kg
*.17E03 kg
1.01E+02 kg
3.64E-04 kg
3.56E+02 kg
3.68E+04 kg
2.53E+00 kg
1.88E+02 kg
5.72E+00 kg
1.96E+02 kg
5.66E+00 kg
7.91E+03 kg
2.16+02 kg
8.13E403 kg
5.29E-03 kg
1.90E+06 kg
0.71E+03 kg
1.92E+06 kg
5.35E+03 kg
1.46E+04 kg
2.74E03 kg
2.27E+04 kg
5.05E-01 kg
4.10201 kg
1.41E01 kg
5.57E+01 kg
1.38E+04 kg
7.46E+05 kg
8.76E+03 kg
7.70E+05 kg
3.79E-01 kg
&22E+01 kg
1.54E+02 kg
106E+02 kg
7.99E-05 kg
2.00E-03 kg
.91E+00 kg

2.92E+00 kg
1.44E+02 kg
9 87E+02 kg
5.33E+01 kg
I.ISE'03 kg
1.63E-02 kg

3.19E+00 kg
2.25E+00 kg
5.46E+00 kg
1.76E+00 kg
1.77E+03 kg

Densiy
Density Units

1.37 -6t
1.66 nt.
I."7 Wall

1.49 gwt
1.68 gt

1.49 g"t.
1.66 g9"L
1.77 nrt

1.49 gird.
1.56 gftmL
1.77 girL

1.45 9W&~d
1.68 grmld
1.77 gOt
1.49 ghtr
1.66 wn*
1.77 g/rd.

1.49 girL
1.66 girt
1.77 gfm

1.49 gird.
1.66 grtA
1.77 girt

1.37 girL
1.66 girl
1.77 girdL

girt
1.66 g9/L

girt

1.9 gfiL
1.66 ptl
1.77 girt

I.49 g/L
1.66 g9/L
1.77 g/mfa

1.3? gir.
1.66 gitd
1.77 9gitL

1.39 g/fL
1.66 g/dL
1.77 g/mI.

1.49 9gnt
1.66 Oft.
1.77 9"t

1.45 nit
1.68 g9rA.
1.77 gffr

1.45 ghnt

1.68 girt1.49 9Ant.

1.68 9/nL
1.77 g/ML

1.37 g/mL
1.66 gWt

Volume
Volum, Units

63 kl.
1905 I.

49 aL

63 kl.
1905 l

49 kl.

63 kL
1905 kI.

49 kL

63 kI.
1905 ki

49 Il.

63 kl.
1905 kL

49 l

63 kLa
1905 at

49 ktI

63 kL
1905 I

49 St.

63 l.
1905 hL

49 kL

63 kL
1905 kIl

49 kt.

63 khi
1905 I.

49 I

63 k.
1905 kIl.

49k I

63 kt.
1905 kIl.

49 I

63 Id.
1905 Id.

49 I

63 Id.
1905 I

49 kL

63 kL
1905 l

49 I

63 Id.
1905 ki

49 kl

63 I.
1905 I

49 ki

63 d.h
1905 l

49 kL

63 I
1905 Id.

Adjusted
A4uSled Cotenfrtion

Concenration Units
2.93E+00 ugfg
6.87E+00 gg

.84E+01 '49g

t.O5E+OO ug/g
5.82E+01 g
4.79E+03 U9

7.48E-02 ug/g
6.12E+02 ugfg
1.5E+03 'g/g

658E+03 Wg/9
2.23E+04 ug
8.91E03 ug/g

3.03E-02 ug/g
7.602-01 utgg

3.00E+02 1199

1.15E+03 g/g
7.81E-03 ug
1.20E+03 '4/9

9.14E+01 Ug
3.24E+02 ug/g
1.55E+03 ugW

1.07E+03 ugg
1.15E+04 U99
4.11E+03 lg

2.93E-01 ugg
5.94E-01 Ug
8.59E+01 ug/g

6.03E+01 ugg
2.50E+03 ugWg
249E+03 ugg

8.83E+04 ugg
6.00205 Uglg
1.12205 ugg

5.70E+04 ugfg
4.62E+03 ugig
3.16E+04 'g4

5.65E+00 U49
1.30E+01 ug/V
1.63E+02 l9/9

1.48E+05 uglg
2.37E+05 ug/g
1.01E+05 0gig

4.03E+00 tg,1
1.5E+01 ug/g
1.77E+03 vgq

8.75E-04 ug/g
6.26E-04 uglg
3.36E+01 vg'g

1.54E+03 '4l
3.12E+02 ugg
6.15E+02 ug

1.9E-1 ug/
0.97E-01 '4l

2.60E+01 'g4

2.04E01 tgvg
5.60E+02 ug/g
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241-S-109
241-S-109
241-S-109
241-&-109
241-3109
241-3-109
241-5-109
241-&109
241-3-109
241-3-109
241-.109
241-S-109
241-&-109
241-&109
241-S-109
241-S-109
2414-109
241.&109
241--109
241-&109
241.&109
241-.109
241-S-109
241-S-109
241-S-109
2414109
241-R-109
241.-109
241-&-109
241-S-109
241,S-109
241-5-109
241-S-109
2414-109
241-.109
241--109
241,-.109
241S.109
241-S-109
241--109
241-S-109
241-S-109
241-4-109
2414109
2414109
2414109
241-3-109
241--109
241-S-109
241--109
241-S-109
241-S-109
241-S-109
241-S-109
241,S-109
241--109
241-S-109
241-S-109
241-S-109
241--109
241-&-109
241-S.109
241.-109
241-S-109
241-S-109
241-S-109
241--109
241-4-109
241-S-109
241-S-109
241-&109
241--109
241-S- 109
241-S-109
241-S-109
241-&109
241-S-109
241-S-lO

Total
Sat Cake (iquis)
Sat Cake (Solds)
SDudge
Total
Sat Cake (Liquis)
Sal Cake (Solids)
Skldge
Total
Sal Cake (Liquids)
Sel Cake (Solds)
Skudge
Total
San Cake (Liquids)
Sal Cake (Solids)
Sludge
Total
San Cake (Liquids)
Sa Cake (Solids)
Skidge
Total
Sa Cake (Uquis)
Sat Cake (Sots)
Skgoe
Total
5al Cake (Lquids)
Sat Cake (Solids)
Sl'udgeo
Tol
Sat Cake (Llquds)
Sat Cake (Solids)
Sludge
Tola
Sa Cake (Liquids)
Sat Cake (Solds)
Skidge
Total
Sal Cake (Liquids)
Sam Cake (Sos)
Sludge
Totil
Sal Cake (tLquids)
San Cake (Solids)
Sludg
Total
Sai Cake (Liquids)
Sal Cake (Solids)
Stair
Total
San Cake (ILquids)
Salt Cake (Solids)
Sludg
Total
Sal Cake (Liquids)
Saft Cake (Solids)
Sludg
Total
Sal Cake (Liquids)
Sal Cake (Solds)
Skidge
Total
Sal Cake (Lkqolds)
Sal Cake (Solids)
Swig.
Total
Sal Cake (Liquids)
Sel Cake (Sots)
Skhlge
Total
Sal Cake (Liquids)
Sel Cake (Solids)
Sludge
Total
3d Cake (tquids)
Sat Cake (Solids)
Sludge
Toaal

RI (Solid)

SI-SCk (Liquid)
SI-SACk (Sot)
RI (Sold)

S1-SiCk (Liquid)
SI-SlICk (Solid)
RI (Sod)"

SI-ShCk (Liquid)
1-StCk (Sold)

R1 (Solid)

SI-StCk (LIquid)
SI-SlCk (Sod)
RI(Sod) .

SI-SCk (Uquid)
SI-SNlCk(Sol)
RI (Sold)

SI-SCk ("Liqd)
SI-Sl"k (Solid)
RI (Sold)

Si-SCk (tqud)
SI-SICk (So)
RI (Solid)

SF-S1k (liquid)
SI-SlCk (Sold)
RI (Solid)

SI-SmCk (Liquid)
SI-SRCk (Sol)
R1 (Sold)

Sl-SUCk (Lkutd)
SI-SCk (Sot)
Ri (Sod)

SI-SICk (Liquid)
SI-SItCk (Solid)
RI (Sold)

SI-SitCk (Uqud)
Si-SiCk (Sold)
RI (Sold)

SI-SiCk (Lquid)
SI-SWiCk (Sol)W
RI (Solid)

St-SACk (Lqtd)
Sl-SJtCk (Solid)
RI (Sold)

SI-SIOCk (Liquid)
SI-SACk (Sold)
RI (Solid)

SI-S Ck (Lquid)
S1-S1kA (Solid)
RI (Sold)

S1-SliCk (Liquid)
SI-SiACk (Sold)
Ri (Solid)

SI-SMCk (Liquid)
S1-SICk (Solid)
RI (Solid)

SI-SitCk (Liquid)
S1-SRICk (Sold)
RI (Solid)

3.26E+02 kg
2.10E+03 kg
4.65E+00 kg
7.06CE02 kg
1.75E+01 kg
7.30E+02 kg
6.64E402 kg
4.53E+03 kg
2.57E+02 kg
5.35E+03 kg
5.96E+02 kg
t.17E+03 kg
1.94E+02 kg
1.96E+03 kg
3.06E+00 kg
3.20E+02 kg
4.68E+01 kg
3.70E+02 kg
1.92E+00 kg
4.83+01 kg
1.48E+01 kg
6.51E+01 kg

.89E+03 kg
&44E+03 kg
1.62E+04 kg
2.45E+04 kg
1.56+01 al
3.12E+02 a
i-IOE+00 a
329E+02 C
1.90E+00 Ci
5.63E+01 C
1.89E-01 Ci

5.64E+01 C
i.58E+00 C
4.70E+01 a
1.652-01 cl

488E+01 Ci
1.53E+01 ci
1-40E+04 a
3.5E+04 Ci
4.96E+04 C
1.53.01 a
1.40EI04 Ci
3.55E+04 Ci
4.96E+04 CA
6.80E-02 a
9.47E-01 C
116E-03 C
1.02E+00 Cl
119E+00 C
1.16E+03 Cl
2.5E+01 C
1.19E+03 a
I.6lE-l CI

2.45E+01 C
6.20E-02 a
2.47E+01 Ci
3s42E.02 Ci
1.24E+01 Ci
3.23E01 A
1.28E+01 Ci
6.50E-02 Ci
3.601E01 C
1.05E+00 Ci
3.71E+01 Ci
4.30E-05 Ci
1.06E.02 C
2.57E-04 Ci
1.09E-02 CI
1.54E-06
4.56E-04 Ci
1.09E-05 C
4.69E-04 Ci
1.02E-03 C
1.00E,02 C
7.92E-03 Cl
1.79E-02 Cl

1.77 gnt

1.49 gfmL
1.66 glML
1.77 gfALi

1.49 gn%
1.6 g/ml.
1.77 glut

14D gunt.
1.66 g/nL
1.77 gliML

1.37 9kni.
1.66 g/nmL
1.77 9/mt

1.45 gmL
1.68 g/IL
1.77 gimL

1.49 gimL
1.66 g'iLt
1.77 9ML

1.45 gimL
1.68 9/mi.
1.77 giML

1.45 /MIt 63 k.
1.61 glinL 1905 Id
1.77 glinL 49 kL

1.45 9mL
1.68 giML
1.77 WML

giinL

1.49 g/niL
1.68 gnML
1.77 g/nL

1.45 9/mtL
1.68 g/mL
1.77 gmlnt

1.45 gML
1.68 9/mtL
1.77 gwwL

1.49 g9/L
I-Ga gImL
1.77 9ML

1.45 g9mL/

1.77 /iML.

1.45 g/mL
1.60 gmL
1.77 gimL

1.49 9/mL
1.6a g/ml
1.77 9FML

1.49 g/mIL
1.68 imL
1.77 giML

1.49 9/ML
1.68 9/mi
1.77 g/mt

63 kL
1905 kL

49 kL

63 kL
1905 k.

49 kl

63 kL
1905 kt.

49 kL

63 IL
1905 ki.

49 I-

63 kt.
1905 Id.

49 kt

63 IL
1905 IL

49 IL.

63 IL.
1905 IL

49 IL

63 IL
1905 IL.

49 IL.

63 IL
1905 kLd

49 kL

63 kL
1905 IL

49 kL

63 IL
1905 IL

49 I.

A5-107

49 Id.

63 k.
1905 I.

49 kL.

63 kL
1905 I.

49 IL

63 k.
1905 kt.

49 I.

63 k.
1905 k.

49 Id.

63 k.
1905 IL

49 IL

63 kL
1905 IL

49 kI

93 Id.
1905 IL

49 kI

176E+03 ug/g

4.96E+01 U10
2.24E+02 ugig9
2.02E+02 Ugg

6.01E+03 U19
1.43E+03 u/9g

.96E+03 ug/g

6.35E+03 uglg
3169E+02 4gW

.24E+03 Ug/g

154E+01 ugg
1.01E+02 ut4g
S-40E+02 ug/g

2.10E+01 ugg
1.51E+01 ugg
1.71E+02 U9/9

3.07E+04 ufl
1.72E+03 uW'
1.87E405 ugig

1.72E-01 tCug
9.74E-02 £C1/
1.38E-02 tCk'g

2.08E-02 Xig
1.76E-02 uCL'g
218E-03 UCg

1.732-02 uCi'g
1.47E.02 uCl/g
1.91E-03 UCg

1.63E-01 LClIg
4.44E+00 UCg
4.09E+02 UCUg

1.63E-01Cwg
4.44E+00 uCYg
4.09E+02 tCYg

7.45E-04 tC9g
2.96E-04 UCiJg
3.64E-05 uCi/g

3.49E-02 UCi/g
3.61E.01 uCvIg
3.29E01 uCig

1.72E.03 UC4g
7.74E-03 UCdg
7.14C-04 LUCig

3.74E-04 tCilg
3.882-03 LCig
172E-03 uCdg

7.12E.04 uCg
1.12E-02 UCWg
1.22E-02 uCWg

4.9.07 UC1g
3.36E-06 "ag

.97E-06 t"g

1.96E208 tag
1.44E-07 uCUg
1.26E-07 "g

1.09E-07 uCVg
3.16E.06 uCVg
9.14E-05 uCVg
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241-5-109
241-S-109
241-S-109
241-S-109
241--109
241-S-109
241-&-109
241-S-109
241-S-109
241.-109
2414-109
241-&109
2414109
241-S-109
241S-109
241,S-109
241,S-109
241-S-109
241-5-109
241-S-109
241-S-D9
241-S-lD9
241-S-tOg
-241-S-109
241-S-109
241-S-109
2414-109
2414-109
241-S-109
241-S-109
241-S-109
241--109
241-S-109
241-S-109
241-&109
241-&109
241-S-109
241-S-109
241--109
241-S-109
24t-.-109
241-S-109
241-S-109
241-S-109
241-8-109
241-S-109
241-S-109
241-S-109
241-&109
241-S-109
241-S-109
241-S-109
241-4-109
241-S-109
241-S-109
241-S-109
241-S-109
241-S-109
2414-109
241-S-109
2414-109
241-&109
241-S-109
241-S-109
241-S-109
2414-109
241-S-109
2414-109
2414-109
241-S-109
2414109
241-4109
241-S-109
241-S-109
241.8-109
241-109
241-S-109
241-S-109

242PU
242Pu
242Pu
242Pu
242Cm
242Cm
242Cm
242Cm
241Pu
241Pu
241Pu
241Pu
241Am
241Am
241Am
241Am
240Pu
240Pu
240Pu
240Pu
239Pu
239Pu
239Pti
239PU
23SU
238U
238U
2:18U
238PU
238Pu

238Pu
237Np
237NP
237Np
237Np
236U
236U
236U
236U
235U
2350
235U
235U
234U
2340
2340
234U
233U
2330
2330
233U
232U
232J
232U
232U
232Th
232Th
232Th
232Th
231Pa
23IPa
23iPa
231Pa
229Th
229Th
229Th
229Th
228Ra
228Ra
22BRa
228Ra
227AC
227AC
227AC
227Ac
226Ra
226Ra

San Cake (Liquis)
San Caka (Solids)

Total
San Cake (vquiks)
San Cake (Solds)

Total
Salt Cake (Lids)
San Cake (Scids)

Total
Sat Cake (Liquids)
Sel Coke (Solids)
Sdg
Total
Sat Cake (Liquids)
Sal Cake (Solids)
Sludge
Total
Salt Cake (Laids)
San Cake (Solids)
Sug
Total
Sal Cake (tQuds)
San Cake (Solids)
Skdp
Total
Sal Cake (Liuids)
San Cake (Solds)
Sludge
Total
Sat Cake (Liuds)
Selt Cake (Solids)
Shldge
Total
Sal Cake (Liquids)
Sa Cake (Solids)
Sludge
Total
Sa Cake (Uquids)
Sat Cake (Solds)
Sludge
Tol
San Cake (Lkiids)
Sa Cake (Solids)
Sludge
Total
Sal Cake (iquids)
San Cake (Solds)
Skdg
Tolal
Salt Cake (Uquids)
San Cake (Solids)
S5-dw
Total
Salt Cake (Liquids)
San Cake (Solids)
Skid"
TOtal
San Cake (Liquids)
Salt Cake (Solids)
Sdg
Total
Sa Cake(Liquids)
Sal Cake (Solids)
Sludge
Total
Sag Cake(Liquids)
San Cake (Solids)
Sludge
Total
Salt Cake (LUquids)
Sal Cake (Solds)
Sludge
Total
San Cake (Uquids)
Sal Cake (Solds)

1.49 C/ril.
1-66 mL
1.77 gMLn

1.49 imL
1.66 g/rnL
1.77 O/WL

1.49 g"t
1.66 WT-
1.77 grML

1.49 9w&L
1.66 gwt
1.77 WML

1.49 gmt
1.66 gfmL
1.77 g/rd

63 I.
1905 ldt

49 IL.

63 14.
1905 kL

49 IL

63 Id.
190$ IL.

49 kd

63 kd.
1905 Id.

49 It.

63 IL
1905 Il.

49 Id.

SI-SCk (Liquid)
SI-SkCk (Sold)
RI (Solid)

SI-siKCk (Lqui)
S-SlkCk (Sold)
RI (Sold)

SI-SICk (Uquid)
SI-SICk (Sold)
RI (Soid)

SI-SRCk (Uquid)
SI-ShCk (Sord)
RI (Solid)

SI-SlCk (Liquid)
SI-SitCk (SolId)
RI (Sold)

S 1.S310 (liuid)
SI-SitCk (Sold)
RI (Sold)

SiSMCk (IqbM)
St-SrCk (Soid)
RI (Solid)

SI-Sick (Liquid)
SI-SRCk (Solid)
RI (Scd) -

LI-SliCk (Uquid)
SI-SICk (Sofid)
RI (Solid)

Si-SCk (Liuid)
SI.SiCk (Sod)
RI (Solid)

St-S1tCk (Uquid)
SI-SCk (Solid)
RI (Solid)

S-StCk (liquid)
SI-SXiCk (Sold)
RI (Solid)

SI-AiCk (L Ipi)
SI-SlCk (Sold)
RI (Solid}

SI-SCk (quid)
SI-SACk (Sold)
RI (Solid)

S1-SltCk (Liquid)
SI-SiCk (Sold)
RI (Solid)

SI-SiCk (Lquid)
SI-SuCk (Solid)
RI (Solid)

S1.S:lCk (Liquid)
SI-S'I (Solid)
RI (Solid)

SI-SIc(LkIuki)
SI-SCk (Solid)
RI (Sold)

SI-SiCk (Uqui)
SI-SCk (Sold)
RI (Solid)

SI-StCk (Li'qI)
SI-SmiCk (Solid)

.7oE-os a
6.87E-5 0
2.53E-04 a
3.22E-04 0
5.54E-05 0
1.37E-02 0
8.44E-04 a
I.E-02 a

.88E-03 al
7.16E+0 a
2.51E41 a
122E+01 a
1.69E-02 C
1.66+01 a
2.17E+01 al
3.IE+01 0

6.04E-04 Cl
1.12E00 a
8.33E+00 0
9.45E+00 a
277E-03 a
5.14E00 0
4.29E+01 a
4.11E+01 0
3.30E-05 a
6.15E-02 ai
1.39E-01 0
2.00E-01 0
9.77E-05 a
I.SIE-01 G
7.96E-ci al
9.77-01 a
2.96E-03 0
2.S5E+00 0
8.76E-03 0
2.57E+00 a
8.73E-07 0
t.6E-03 C1
2.80E-03 a
4.42E-03 a
1.47E-05 a
2.73E-3 a
5.83E-03 C
8.56E-03 0
3,51E-05 a
6.54E-02 a
1.35E-01Ci
2.01E-01 a
5.55E-05 a
1.03E-01 0
2.71E-05 0
1.03E-01 C
8.95E-07 a
1.67E-03 ci
5.3E-O6 a
1.67E-030
2.64E-06 a
7.84E-05 0
1.09E-12 a
8.10E-05 a
7.82E-04 a
2.33E-02 0
1.15E-06 a
2.40E-02 a
7.69E-07 Cl
2.29E-05 Cl
3.82E-09 0
2.37E-05 C
2.27E-04 a
6.741-03 C
1.04E-12 a1
6.96E-03 C
8.50E-05 0
253E-03 C
8.13E-07 a
2.62E-03 Ci
2.46E-06 Ci
7.38E-05 Ci

63 kd.
1905 kl.

49 kL

63 kL
1905 IL
.49 IL

63 kL
.1905 IL

7 49 kl.

63 kl
1905k

49 kl.

63 IL.
1905 IL

49 IL.

63 kL
1905 I

49 kd.

63 Id.
1905 Id.

49 kL

63 IL
1905 kL

49 Il

63 kt
1905 kL

49 IL

63 kt
1905 kL

49 kt

63 d.
1905 IL

49 I

63 IL
1905 II.

49 Id.

63 Id.
1905 aL

49 kL

63 IL
1905 IL.

A5-108

t.49 WiML 83 kt.
1.66 DfmL 1905 kt
1.77 C/mL 49 I

1.49 fMLt
1.66 gML
1-77 grMt

1.49 til.
1.66 g/mLt
1.77 gehL

1.45 g/ml.
1.68 g/mL
1.77 gfmL.

1.49 VmL
1.66 C/ML
1.77 g/mL

1.49 mLt.-
1.66 Vt
1.77 O/t

1.49 gfml,
1.66 C/dL
1.77 gVML

1.49 g/tL
1.66 g/nt
1.77 C/mL

1.49 gfmL
1.66 g/m.L
1.77 gfmL

1.45 g/mt
1.68 g/mtL
1.77 gmL

1.45 gfmL
1-68 C/mL
11.77 gFmt

1.43 C/inL
1.68 GtML
1.7 g/mL

1.45g/ML
1.68 Cfmt
1.77 g/nL

1.45 gmL/
1.68 C/mL
1.77 gfML

1.45 /iML.
1.68 gImL

195E-10 uCAg
2.17E-0 uCVg
2-92E-06 uii/g

5.90E-07 ucvg
432E-08 UClg
7.42E-06 UCg

4.13E-05 uCg
2.27E-03 UCW/
2.89E-01 uCWg

1.80E-04 uCVg
5.24E03 uCg
2.50E-01 UCg

6.44E-06 UC'g
3.54E-04 ttCkg
96 IE-02 uCWg

2.95E-05 uCIg
1.62E-03 LCUg
4.95E-01 UCt/g

3.51E-07 LUCg
1.94E-05 LCUg
1.6OE-03 LCUg

1.04E-06 LUCg
5.71E-05 riCUg
9.18E-03 LCg

3.24E-05 uCWg
7.98E-04 UCig
1.01E-04 uCVg

9.30E-09 utg
5.12E-7 uCUg
3.23E-0 UCig

11.6612-011 Ug
8.64E-07 Ug
6.726-05 Ug

3.74E-07 UCV9
2.07E-05 uCVg
1.56E-03 UCYg

5.91E-07 uCUg
3.27E-05 uC/g
3,13E-07 UCIg

9.532-09 "/g
5.27E-07 UCWg
6.16E-08 uCig

2.89E-08 UCWg
2.45E-08 UCLg
1.26E-14 uCVg

8.56E-06 uCVg
7.27E-06 uCYg
1.33E-08 uCVg

8.42E-09 uCVg
716E-09 LUCVg
4.41E-Il UCVg

2.48E-06 Ug
2.11E-06 LCg
1.20E-14 Ug

9.31E-0? uCug
7.90E-07 uCig
9.376-09 uCg

2.72E.08 LCLg
231E-8 uCVg
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0

0
A5-109

241-S-100 226Ra Sludge
241--109 226Ra Total
241-S-109 15Eu Sat Cake (Liquids)
241-S-l109 lSEu San Cake (Solds)
241-S-109 I55u Sludge
241--109 155Eu Total
241-S-109 154Eu Sll Cake qLktids)
241-r-109 154Eu Salt Cake (Solds)
241-S-109 ISlEu Sludge
241-4-109 154Eu Total
241-S-109 152Eu Salt Cake (Liquids)
241-S-109 152Eu Sall Cake (Solds)
241-3-109 152Eu Sludge
241-4-109 152Eu Total
241-S-109 I5ISM Salt Cake (Lqukis)
241--109 151SM Salt Cake (Solds)
241-S-109 151SM Sludge
241-S-109 151SM Total
241-S-109 14C Salt Cake (Liquids)
241-S-109 14C Sal Cake (So!Ld)_
241-S-109 ;14C Sludge
241-S-109 14C Tol
241-8-109 137nBa Sal Cake (Liquids)
24t-3-109 137na SaN Cake (Solds)
241-S-109 137mBa Skidge
241-S-109 137mBa Total
241-S-109 137Cs Salt Cake (Liquids)
24t--109 137CS SO1 Cake (Solids)
241-S-109 137Cs Sludge
241-S-109 137Cs Total
241--109 134Cs Sail Cake (Liquis)
241-S-109 134Cs SaIl Cake (Solds)
241-S-109 134Cs Sludge
241-4-109 134CS Total
241--109 1291 Salt Cake (Liquids)
241-S-109 1291 Salt Cake (SoldS)
241-8-109 1291 Sludg
241-S-109 1291 Total
241--109 126Sn Sal Cake (Liquids)
241-S-109 126Sn Sat Cake (Solids)
241-S-109 126Sn Sludge
241-4-109 126S Total
241--109 2Sb Sal Cake (Liquids)
241-S-109 I25Sb Sal Cake (Solds)
2414S-109 125Sb Sludge
241--109 125Tb Toal
241-S-109 113mCd Sail Cake (Liquids)
241-S-109 l3mCd Salt Cake (Sold.)
241-S-109 113mCd Skidge
241S-109 113mCd Total
241-S-tog 106Ru Sal Cake (Liquids)
241-S-109 106Ru Sa Cake (Sols)
241-S-109 106Ru Sludge
241-S-109 10Ru Total

R1 (Soli)

SI-SlCk (liquid)
SI-SICk (Sol)
Ri (Sold)

SI-SCk (lquId)
SI-Sick (Sol)
RI (Solid)

SI-SiCk (Liquid)
SI-SMCk (Sold)
RI (Sol)

SI-SRCk (lquid)
S1-S10k (Sol)
RI (Sold)

Si-SitCk (Liquid)
Sl-SCk (Sold)
RI (Sold)

S31SCk (Liquid)
SI-SACk (Sold)
RI (So0d)

Si-SitCk (Liquid)
SI-SiCk (Solid)
RI (Sod)

SI-SiCk (Liquid)
SI-SiCk (Solid)
RI (SoM)

SI-Suck (Liquid)
Sl-SkCk (Sold)
RI (Solid)

SI-SCk (liquid)
SI-SUCk (Solid)
RI (Sold)

S1-SCk (Liquid)
Si-SitCk (Sold)
RI (Sold)

SI-SitCk (Uiquid)
SI-ShICk (Sold)
R1 (Sold)

SI-SICk (Liquid)
SI-SMCk (Sold)
RI (Sold)

1.81E-07 a
7.65E-4S C
6.39E-01 0
.37E+01 a

2.41E-01 a
5.46E+01 CS
2.02E+00 a
i.E+02 C
7.15E-01 a
1.25E+02 a
2.54E-02 a1
2.14E+00 1
1.15E-02 a1

2.18E+00 Ci
1.77E+02 C!
&03E+04 Ci
1.3'E+02 CA
5.07E404 a
3.5E-02 0
1.00E.01 a
6.82E-02 a
1.01E+01 C
1.59E+04 ai
1.91E+04 a
5.16E+03 C1
4.12E+04 a
1.79E+04 a
2.02E+04 a1
&47E+03 C1
4.36E104 Ci
5.14E-03 C1
1.53E-01 C
6.56E-05 C
158E01 Ci
1.6OE-02 Ci
2.961-01 Cl
1.92E-03 C
3.13E-01 Ci
4.01E-01 Ci
3,90E+00 C
1.27E-02 a

4.32E.00 a
7.831-02 a
218E01 Ci
3.78E-03 C
2.19E+01 Ci
1.70E+00 a
5.05E+01 0
1.12E-01 C

5.23E+01 C
3.36E-07 C
2.62E-05 C
3.27E-10 C
2 -05 C

1.77 gWML

1.45 gfmL
1.68 gAt
1.77 gfml

1.45 gWi
1.66 gkIL
1.77 garL.

1.45 gWL
1.68 gOtnL
1.77 gAML

1.45 gQmt
1.68 WIt
1.77 g9mtL

1.45 glL
I.sl grmL
1.77 gmL

gOtl.
gmL

1.49 g9mlt
1.6 gL &
1.77 gAL

1.45 Wnt
1.68 WL
1.77 Wal.

1.45 gfmL
1.68 gWrL.
1.7? g/nt

1.45 gtmL
1.68 ML
1.77 gWut

1.45 ImL
1.68 gfmi.
1.77 gmL

1.45 gimL
1.68 git
1.77 gail

1.45 WIML

.68 WiML
1.7? WmL

49 k.

63 kX
1905 Id.

49 UL

63 kt.
1905 kt.

49 kU.

63 Id.
1905 kU.

49 kt

63 kt.
1905 kU.

49 Id.

63 U.
1905 kU.

49 kl.

63 kl.
1905 Id.

49 Ud.

63 Ut
1905 Id.

49 kU.

63 U.
1905 kU.

49 kU.

63 Id.
1905 kt.

49 kU.

63 Id.
1905 IL

49 I.

63 IU.
1905 Ud.

49 Ud.

63 kt
1905 Id.

49 Id.

63 kd.
1905 I.

40 klt

2.09E-09 UCg

7.00E43 uCif9
1.68E-02 uCg
2.78E-03 uCig

2.21E-02 uC11g
3.881-02 uCVg
8.24E-03 UCVg

2.78E-04 uC1g
6.69E-04 uCug
1.33E-04 iilIg

1.94E00 Utg
1.57E+01 uCVg
1.50E+00 uClIg

3.88E-04 uCllg
&3 13-03 UClIg
7.87E-04 UCYg

1.80E+02 UC11g
6.04E+00 UCWg
5.96E+01 ijovg

1.91E+02 "g
6-39E+00 UCl/g
6.31E+01 uClg

5-63-CS uCivg
4.79E-05 tCg
7.56E-07 UCg

1.64E-04 uCg
9.24E-05 UCg
2.21E-05 tCVg

4.39E-03 "Cag
1.22E-03 uCg
1.47E-04 vCUg

8.57E-04 "11g
6.82E03 uClWg
4.36E-05 uCWg

1.86E-02 uCWg
1.58E-02 Vtg
1.29E-03 uC/g

3.67E-09 LUClg
8.181-09 uCig
3.781E-12 uCig
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Figure 1. Calculation Review Checklist.

Calculation Reviewed: 0.4 6W/ //zZ, / Cr ;.

Scope of Review: Ca le. i/6 t
(e.g., document section or portion of calculation)

Engineer/Analyst: 4 lson

. . C/c

Date:

Organizational Manager TcP( 4cs(r,.5 Date:

This document consists of pages and the following attachments (if applicable):

Yes No NA

[51 [1 []l
[W I] [ ] I

[EA [ I [] I
[V)[ []

MC[] []
N [] []

Nu[n []
[Nu[]n ]
Mu[] l
MC[ ][]
j, [I ] [

*

I. Analytical and technical approaches and results are reasonable and
appropriate.

2. Necessary assumptions are reasonable, explicitly stated, and supported.
3. Ensure calculations that use software include a paper printout, microfiche,

CD ROM, or other electronic file of the input data and identification to the
computer codes and versions used, or provide alternate documentation to
uniquely and clearly identify the exact coding and execution process.

4. Input data were checked for consistency with original source information.
5. For both qualitative and quantitative data, uncertainties are recognized and

discussed.
6. Mathematical derivations were checked, including dimensional consistency

of results.
7. Calculations are sufficiently detailed such that a technically qualified person

can understand the analysis without requiring outside information.
8. Software verification and validation are addressed adequately.
9. Limits/criteria/guidclincs applied to the analysis results are appropriate and

referenced. Limits/criteria/guidelines were checked against references.
10. Conclusions are consistent with analytical results and applicable limits.
It. Results and conclusions address all points in the purpose.
12. Referenced documents are retrievable or otherwise available.

- 13. The version or revision of each reference is cited.
14. The document was prepared in accordance with Attachment A. "Calculation

Format and Preparation Instructions."
15. Impacts on requirements have been assessed and change documentation

initiated to incorporate revisions to affected documents, as appropriate.
16. All checker comments have been dispositioned and the design media

matches the calculations.

Checker (printed name and signature) ' Date

* If No or NA is chosen, an explanation must be provided on or attached to this for.
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1.0 INTRODUCTION
The bypass system is being designed as part of the DBVS Off-Gas Treatment System
(OGTS). Its function is to maintain vacuum in the ICV for a loss of flow upset condition
in the primary DBVS OGTS.

i. Purpose
The purpose of this calculation is to analyze the DBVS OGTS bypass ductwork in
accordance with ASME AG-1 Service Level B. This is accomplished by determining the
stresses in the DBVS OGTS bypass duct work and comparing them with the allowable
stresses per ASME AG-1. The location and type of duct supports and the location and
need for expansion joints will also be evaluated. The resultant forces and moments
imparted to the duct supports and attached equipment will be included in the results.

1.2 Scope
The scope of the calculation consists of the structural analysis and design of the DBVS
OGTS Bypass duct which is located between the ICVTr and exhaust stack. Currently the
main OGTS duct from the ICVm Box is signified as 5-VOG-35-0217, the beginning of
the bypass duct is signified as 6-VOG-36-0286 and branches from the main 5" OGTS
duct near the ICV" Box. This calculation covers the duct labeled as 6-VOG-36-0286, 8-
VOG-36-0286, 8-VOG-36-0318, 8-VOG-36-0319, 8-VOG-36-0406, 12-AA-36-0409,
and 6-AA-36-0408.

2.0 Basis

2.1 Design Inputs
I. ICV Of-gas Exit Temperature 875*F, F-145579-00-A-002lFull DBVS Feed

Preparation & Melt Process Flow Diagram.

2. Design Temperature -25*F to I 15 0F, HNF-SD-GN-ER-501.

3. Ambient Air Temperature 770F, Stream 7A, F-145579-00-A-002lFull DB VS Feed
Preparation & Melt Process Flow Diagram.

4. Duct geometry per drawings, F-145579-36-V-0003, F-145579-36-V-0007, F-145576-
36-V-0006, F-145579-36-V-0030. and F-145579-36- V-0034.

5. Earthquake Loads design to UBC 1997 with the following criteria: seismic zone is 2B
(TFC-ENG-STD-06), Performance category is 2 (TFC-ENG-STD-06), and Soil profile
is Sc, (RPP-24544, Rev.1, Appendix H Report of Geotechnical Engineering

- Services). The Operational Basis Earthquake (OBE, ASME AG-1) horizontal

Form EP 3.3-21F, Sept 2002
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components will be applied simultaneously, ASME-AG-1. UBC-1997 states that in
general, the vertical seismic component may be taken as zero for Allowable Stress
Design (Section 1630.1.1). See Attachment 7 for further discussion.

6. Wind Loads design to ASCE 7-98 with the following criteria: Performance Category
is 2, Exposure Category is C, velocity is 85 mph, and Importance Factor is 1.15, TFC-
ENG-SD-06.

7. The ducting is schedule I OS (8 inch and larger) and 40S (6 inch and smaller),
stainless steel pipe, A312 type 316L with a minimum yield strength of 25 ksi, ASTM
A312/A 312M-05.

2.2 Criteria
1. Design to ASME AG-I Sections SA, Service Level B.

2.3 Assumptions
1. Assume ambient installation temperatures of -25*F.

2. Assume HEPA Filter Inlet maximum temperature of 200*F, per filter manufacturer
(Flanders) maximum temperature (250*F) plus buffer.

3. Fluid density is negligible (low pressure air).

4. Inline filters are modelled as rigid elements and self-supporting (no loads on duct).

5. Isolation damper are modelled with section properties of the connecting duct. An
additional point load equal to the damper weight is applied at the location of the
damper. Damper weight is approximated, based on engineering judgment, as shown
in the following table:

Duct Size Damper Weight

6" 76 lbs

8" 101 lbs

6. All piping connections are welded (i.e. no flanges) except for connections to
equipment, dampers and filters.

7. Model connection to fan inlets, fan outlets, and exhaust stack as an anchor and self-
supporting (no loads on duct).

8. Effects of fatigue are neglected (approximately 150 startup/shutdown cycles in 5
year design life).

9. Friction between duct and supports/guides is neglected

Form EP 3.3-21', Sept 2002
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10. Expansion joints modeled are DME Inc. Series 250 Low Pressure and Series 650
Multi-ply Exhaust expansion joints. The expansion joints and properties used in this
model are as follows:

Size Part # Axial Spring Lateral Length Weight
Rate Spring Rate

6" 65-3-6-7 165 lbs/in 249 lbs/in 11.0 in 11 lbs

8" 65-3-8-12 123 lbs/in 109 lbs/in 16.0 in 19 lbs

8" 25-4-8-30 685 lbs/in NA 16.0 in 20 lbs

11. The maximum design pressure of the Bypass system is based on the maximum static
pressure of the assumed system fan, a New York Blower Company Model 1508A.
The model I508A can create a maximum of 19.0 in. W.G. (0.69 psi) of static
pressure. The maximum volumetric flow rate of this fan is 1125 cfm.

12. Expansion joints at the fans and filters will be Proco Series 242 expansion joints.
Dead weight of the 8" Model 242-C Proco expansion joint is 44 lbs and is 12" in
length.

13. No duct supports or expansion joints are identified on the drawings (refer to Design
Inputs) for the By-pass Duct. The duct supports used in this analysis have been
placed according to existing support locations and support footings as shown on the
before mentioned drawings.

14. The thermal loading on the duct has not yet been determined by analysis. This
calculation will base the thermal load on the duct as follows: an 8750F temperature
at the ICV box and a 200*F maximum temperature at the HEPA filter input.
Additional information on the application of these loads is in Section 4.0.

15. A reduction of 5% pipe wall thickness is used for corrosion or erosion, based on

engineering judgment. Refer to Attachment 2.

3.0 References
Drawing References:

1. F-145579-00-A-0021, Rev OH, "Full DBVS Feed Preparation & Melt Process Flow
Diagram".

2. F-145579-35-A-0100, Rev. N, "Bulk Vitrification ICV Box P&ID."

3. F-145579-36-A-0105, Rev. M, "Bulk Vitrification Stack Monitoring P&ID."

4. F-145579-36-A-0108, Rev. E "Bulk Vitrification OGTS Bypass P&ID."

Form EP 3.3-2F, Sept 2002
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5. F-145579-36-V-0003, Rev. K, "Bulk
Lower Plan."

6.

7.

8.

9.

10.

11.

12.

13.

14.

F-145579-36-V-0006, Rev.
Skid Plan."

F-145579-36-V-0007, Rev.
Stack Plan."

F-145579-36-V-0023, Rev.
Details-Sht. ."

F-145579-36-V-0024, Rev.
Details."

F-145579-36-V-0028, Rev.
Section 'C'."

F-145579-36-V-0030, Rev.
Section 'E'."

F-145579-36-V-003 1, Rev.
Skid Sections."

F-145579-36-V-0033, Rev.
Stack Section."

F-145579-36-V-0034, Rev.

11 "Bulk

H, "Bulk

E, "Bulk

F, "Bulk

K, "Bulk

J, "Bulk

G, "Bulk

H, "Bulk

H, "Bulk

Project Number: A77977

Page 5 of 31

Vitrification Off-Gas Treatment Melt & Dryer

Vitrification Off-Gas Treatment Wet Scrubber

Vitrification Off-Gas Treatment Scrub &

Vitrification Off-Gas Treatment Standard

Vitrification Off-Gas Treatment Duct Support

Vitrification Off-Gas Treatment Melt & Dryer

Vitrification Off-Gas Treatment Melt & Dryer

Vitrification Off-Gas Treatment Wet Scrubber

Vitrification Off-Gas Treatment Scrub &

Vitrification Off-Gas Treatment Scrub &
Stack Sections."

15. F-145579-00-P-0001, 0002,0003 and 0004, Rev D, "Bulk Vitrification Typical
Pipe Support Details."

Design Codes:

16. Uniform Building Code 1997, UBC.

17. Manual ofSteel Construction, AISC, Ninth Edition.

18. Minimum Design Loadsfor Buildings and Other Structures, ASCE 7-98.

19. ASME AG-1-1997 with ASME AG-Ia 2000 Addenda, Section SA and AA.

20. Cold-Formed Steel Design Manual, American Iron and Steel Institute (AISI), 1996
Edition.

21. Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic
Stainless Steel Pipes, ASTM A 312/A 312M-05.

22. ASME Boiler & Pressure Vessel Code, Section II, Part D, Subpart 1-2004.
Form EP 3.3-2F, Sept 2002
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Other:

23. Natural Phenomena Hazards Design and Evaluation Criteria for DOE Faciliies,
DOE-STD-1020-02.

24. Design Loadsfor Tank Farm Facilities, TFC-ENG-STD-06, Rev B-I.

25. Mechanical Engineering Design, Joseph E. Shigley and Charles R. Mischke, Fifth
Edition, McGraw-Hill, Inc. 1989.

26. Demonstration Bulk Vitrification System IQRPE/RCRA Design Review Package,
RPP-24544, Rev. 1.

27. Mark's Standard Handbookfor Mechanical Engineers, Eugene A. Avallone &
Theodore Baumeister 111, Ninth Edition, McGraw-Hill, Inc., 1987.

28. Fundamentals ofFluid Mechanics, Bruce Munson, Donald Young, Theodore
Okiishi, 3rd Edition, John Wiley & Sons Inc, New York, 1998.

29. Roark's Formulasfor Stress and Strain, Warren C. Young and Richard G.
Budynas, Seventh Edition, McGraw-Hill, Inc., 2002.

4.0 Methods

Calculations were performed using RISA 3D version 5.Od (Rapid Integrated Structural
Analysis) computer software, which was previously verified and validated (DMJM H+N
V&V Computer #102561). Portions of the model input and output code checks were

calculated using MS Excel and Mathcad. Those portions were verified by handheld
calculator.

Dimensional data, support locations and expansion joint locations were taken directly

from the latest piping layout drawings and sections. ICVr Off Gas temperature was
obtained from F-145579-00-A-0021 as indicated in the Design Inputs and the system

pressure is listed in the assumptions based upon the maximum static design pressure of

the system fan.

Yield Strength and the Modulus of Elasticity are reduced for the high temperatures that

the duct will experience. Reductions are based on the published data in the ASME
B&PV Code Section II. The maximum temperature of the duct will be 875*F. For
simplicity, the duct will be analyzed at two temperature ranges, 00-400*F and 401 0F-
875T with the yield strength and modulus of elasticity determined from the highest
temperature of the two temperature ranges.

Pipe wall thicknesses were reduced 12.5% per ASTM A 312/A 312M-05 to account for
manufacturing under tolerances. The thinner pipe wall thicknesses are used in the RISA

Form EP 3.3-2F. Sept 2002

A5-lI8



RPP-24544 REV Id

Project Number A77977

DMJM H&N ALCOM Page7of31

CALCULATION SHEET

Calculation No.: 145579-B-CA-023
Originator: J. Van Corbach Date: 3/24106

RvNo:1Checker Kevin Jones WSDate: 32f4
Calculation Title: DBVS OGTS Bypass Structural
Analysis

model. Unreduced pipe cross sections are used in the determination of the design
allowable stresses, per ASME AG-1, Section AA, Appendix AA-D, Article D-2000.

Duct Supports and Expansion joints were incorporated into the design as needed to
reduce the stresses in the duct and deflections at the connection points at the equipment.

Normal loads applied in the RISA model are the actual dead weight of the duct and
components.

The loads, as a result of the compression of the DME expansion joints, were determined
by an iterative process. By initially solving the RISA model, Load Case 2 (Dead Load +
Thermal + Wind (X)) without the axial spring loads of the expansion joints being applied,
the deflections of the joints from the "Joint Deflections" output and with the spring rates
as listed in the "Assumptions" were used to determine the axial spring load (i.e.,
deflection of 2" x 575 lb/in = 1150 lb). This load was applied and the model re-analyzed.
The new deflections were used to re-calculate the axial spring load of the expansion
joints and the model re-analyzed until convergence was found (i.e., axial load of 1150 lb
resulting in a new deflection of 1.75" x 575 lb/in =1006 lb, adjust axial load to new
value). For conservatism the final axial spring loads are rounded up.

The loads for the Proco Series 242 expansion joints were determined as follows: an end
thrust load on the duct is based on the operating pressure. The thrust factor for Proco
Series 242 expansion joints is 63.62 in2. End thrust load is 0.69 psi x 63.62 in2 = 43.9
lbs.

The temperature loads and gradients used were determined as follows:

Divide the length of duct into 10 sections.

Use the input temperature of 875*F plus the install ambient temperature of -25*F at
the ICVT' box outlet connection and the minimum inlet temperature of the filters of
200*F plus the install ambient temperature of -25*F to determine the overall
temperature change. 875*F - (-25*F)= 900*F, 200*F -(-25*F) = 225*F.

The total temperature change is 675'F. Temperature change at the start of the OGTS
Bypass duct is 900*F and the temperature decreases to 225*F at the inlet of the filters.
(900*F - 225*F = 675*F)

Divide the number of sections minus one into the temperature differential to get a
temperature step of 75*F (675*F / 9 = 75*).

For conservatism, apply the same filter inlet temperature to the remaining duct from
the fans to the exhaust stack.

The ambient air intake will be considered at ambient temperature over the entire

length of duct to the connection to the main bypass duct. Temperature change will be

Form EP 3.3-2F, Sept 2002
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the ambient temperature, 77*F, plus the assumed ambient install temperature of -250F
(77*F - (-25 0F) = 102*F).

5.0 Results and Conclusions
The evaluation of the OGTS Bypass Duct shows that the design satisfies the ASME AG-
I Sections SA, Service Level B criteria, given that the duct supports, duct support types
and expansion joints, as indicated in the RISA Analysis, Attachment 4, are incorporated
into the design.

The ASME AG-1 allowable loads are determined in Section 6.0 of this calculation. The
ASME AG-I allowable loads (Section 6) and the output from the RISA model data
(Attachment 4) are input into an Excel spreadsheet (Attachment 5) and ASME AG-1
unity check analysis is performed. A value less than 1.0 represents that that section of
duct satisfies the ASME AG-I criteria. All sections of the OGTS Bypass Duct are less
than 1.0 (Attachment 5, Columns: D-2250 Equation 11, D-2260 Equation 13, and D-2270
Equation 14).

This evaluation also provides the design loads and reactions at the duct support locations
for input in the analysis of the duct supports. Table 1 provides a summary of the supports
for the duct system used in the RISA model including the RISA node number. Table 1
recommends the type of support required at the given support location and provides
design load information for the support. Attachment 4 indicates the locations of the duct
supports in the RISA model that must be incorporated into the design of the duct system.

TABLE 1

Duct Max X Max Y Max Z
Node N Support Support Direction(s) Reaction Reaction Reaction

# (Att. A) (Ibs) (Ibs) (bs)

N5 29 Vertical (Y), Lateral (Z), Lateral (X) 423 644 1029
N6 1 Vertical (Y), Lateral (Z), Lateral (X) 338 126 603
N11 2 Vertical (Y), Lateral (X) 212 643 -
N12 3 Vertical (Y). Lateral (X), Axial (Z) 29 33 76
N13 4 Vertical (Y). Lateral (X) 1063 138 -

N14 5 Vertical (Y), Lateral (X) 1327 93 -
N19 6 Vertical (Y), Lateral (Z) - 375 939
N20 7 Vertical (Y), Lateral (Z) - 508 327
N21 8 Vertical (Y), Lateral (Z), Axial (X) 406 12 3
N23 9 Vertical (Y), Lateral (Z) - 296 278
N25 10 Vertical (Y), Lateral (Z) - 155 141

Form EP 3.3-2F, Sept 2002
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Duct Max X Max Y Max Z
Node 0 Support Support Direction(s) Reaction Reaction Reaction

# (Att. A) (Ibs) (ibs) (lbs)

N26 11 Vertical (Y). Lateral (Z). Axial (X) 305 76 66

N27 12 Vertical (Y), Lateral (Z) 69 67

N28 13 Vertical (Y), Lateral (Z) - 149 121

N30 14 Vertical (Y), Lateral (Z) - 268 250

N32 15 Vertical (Y), Lateral (Z), Axial (X) 37 34 29

N33 16 Vertical (Y). Lateral (Z) - 276 293

N53 17 Vertical (Y). Lateral (Z) . - 519 137

N99 18 Vertical (Y), Lateral (Z), Axial (X) 1713 1550 904

N50 19 Vertical (Y). Lateral (X) 549 2103 -

N72 20 Vertical (Y), Lateral (X), Axial (Z) 496 922 323

N73 21 Vertical (Y) - 479 -

N98 22 Vertical (Y) - 217 -

N104 23 Vertical (Y) - 142 -

N75 24 Vertical (Y), Lateral (X) 287 269 -

N93 25 Vertical (Y) - 346 -

N65 26 Vertical (Y), Lateral (X), Axial (Z) 1431 1076 573

N71 Stack Vertical (Y), Lateral (X). Axial (Z) 1202 598 156

N110B 27 Vertical (Y) - 211

N116 28 Vertical (Y), Lateral (X) 361 835 -

N124 30 Vertical (Y), Lateral (X) 268 244 -

N15 31 Vertical (Y), Lateral (X) 2395 346 -

The support locations, as indicated in Table I and Attachment 4, are the minimum
number of supports needed to satisfy the ASME AG-I criteria, but does not limit the
addition of more duct supports. If additional supports are added care must be taken to
ensure the thermal growth of the duct into the expansion joints. The addition of duct
supports may require the need for additional analysis. Additional analysis or
optimization of the duct support system may be required should the duct supports be
unable to handle the reaction loads as determined in this evaluation.

Table 2 provides a summary of the expansion joints for the duct system used in the RISA
model including the RISA node numbers, identifier number, and maximum deflections.
The expansion joints modeled in the RISA Analysis are DME Inc. Series 250 Low

Form EP 3.3-2F, Sept 2002
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Pressure and 650 Multi-ply Exhaust Expansion joint and Proco Series 242 expansion
joints. Attachment I provides a mark-up of the duct drawings indicating the locations of
the expansion joints in the RISA model and must be incorporated into the design of the
duct system.

TABLE 2

Node Expansion Max X Max Y Max Z
Joint # Expansion Joint Type Deflection Deflection Deflection
(AttA) (in) (in) (in)

N88, N89 EJ-636 DME Series 650 0.173 0.047 1.883#65-3-8-1 2 Axial

N107. N108 EJ-637 DME Series 250 2.516 0.196 0.205#254-8-30 Axial _____

N109, N108A EJ-613 DME Srs 250 2.44 0.012 0.017

N51, N96 EJ-615 Proco Series 242 0.332 0.004 1.338
Axial

N52, N97 EJ-618 Proco Series 242 0.480 0.002 0.205Axial

N100, N101 EJ-620 Proco Series 242 0.232 0.004
1 Axial

N55. N57 EJ-617 Proco Series 242 0.094 0.004 A095

NI, N92 EJ-634 DME Series 650 0.648 0.12 - 0.014#65-3-6-7 Axial

N111, N110A EJ-612 DME Series 250 2.503 0.002 0.002
#25-4-8-30 Axial ____

N110, N111A EJ-621 DME Series 250 2.409 0.151 0.080#25B4,-30 Axial _.335 _.

EJ65 DME Series 650 013 .35 2.342
NIOBNO4A EJ-3565-.3-812 0.7 0.3Axial

Form EP 3.3-2F, Sept 2002
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ip:= 1.5

Ca:= 0.24

ap:= 1.0

hx:= Oft

hr : 26.5ft

rp: ap-Ca' ip

Fp 0.12Wp

C1+3

Rp:= 3.0

Importance Factor -Table 16-K

Seismic Factor - Table 16-0

Horizontal Force Factor - Table 16-0

Element elevation at duct attachment point

Elevation at highest point (at branch
connection near the dryer).

UBC 1997, 1632.2 Equation 32-2.- Wp
hr)

Seismic loading coefficient

Fpmin : 0.7 'Ca' Ip'Wp Fpmn = 0.25Wp UBC 1997, 1632.2. eq. 32-3, total design
lateral seismic force shall not be less than
this.
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6.0 Calculation /Analysis
ID

This analysis considers the AG-i Service Level B loads on the DBVS OGTS bypass ductwork which is located
between the ICV and exhaust stack. The duct was modeled in RISA-3D design analysis program. The RISA-3D
output results were Imported into an Excel spreadsheet to perform the unity checks according to the ASME
AG-1 Non mandatory Appendix AA-D - Design of Ductwork by Analysis (Suggested Approach). The following
MathCad calculations are used to determine loads and maximum allowable stresses that are used in the
RISA-3D model and the Excel spreadsheet. The RISA-30 model, input and output files can be found in
Attachment 4. The Excel spreadsheet can be found in Attachment 5.

6.1 Design Loads

Dead Load

Dead Load is determined, based on the size of the duct as shown In Attachment 2. The Dead Load includes the
weight of all internally or externally mounted components such as dampers and insulation.

Live Load

Live Load Is not considered in the Service Level B AG-1 analysis.

Seismic Load

The seismic load is determined, based on UOC-1997, Section 1632.

For PC-2 duct, Seismic Zone 28. Soil Profile Sc:
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Fpmax := 4 -Ca - Ip -Wp Fpmax = 1.44Wp

F. is not between Fpmin and F...., therefore use Fpmi value.

UBC 1997. 1632.2, eq. 32-3, total design
lateral seismic force shall not exceed this.

Seismic force on duct. F, will also be used
to determine the seismic load acting on the
duct due to inline components such as
dampers, etc.

Although the seismic coefficient for this section of duct is determined and listed above, this analysis will use
the determined seismic coefficient for the main OGTS duct found In calculation #145579-V-CA-005. This
seismic coefficient will be applied to the entire length, approximately 317 ft, of the bypass duct from the
connection at the main OGTS line to the exhaust stack. This is a conservative approach because the bypass
duct Is attached to the main OGTS Duct through an expansion joint at the branch connection.

Fp:= 0. 5 -Wp

WI 
19.42

13.72
24.741

lbf
r := 0 .5 - W, - ft

12.01 .

11.0 I
L: I in

16.0

,16.0)

44 0

11 I lbf
19

20

(44 .0

, 12.0 lbf

14.2 ft

15.0

9.71 )
Ep=6. 86 lb

ft
12.37)

Seismic force on duct. Calculation
#145579-V-CA-005.

Duct dead load (lbs/ft) Attachment 2.
Applied distributed dead load on RISA
model.

Applied distributed seismic load on RISA
model.

Length of Expansion Joints per
Assumptions. Reference page 4 this
calculation.

Expansion joint dead load (Ibs) per
assumptions. Applied distributed dead
load on RISA model. Reference page 4
this calculation.

Expansion joint weight per foot, apply to
RISA Model.
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22.01

wp 6.0 lbf
Fp:= 0I.5 - p -Applied distributed seismic load on RISA

L 7.1 ft model.

,7.5,

Wind Load

Wind load is determined from Chapter 6.0 of ASCE 7-98.

For Wind Loads, Performance Category is 2, Exposure Category is C, velocity is 85 mph and Importance Factor
is 1.15 (TFC-ENG-STD-06).

I = 1.15 Importance Factor

The highest point is at an elevation of approximately 26.5ft (at branch connection near the dryer). Consider all
duct at this elevation (conservative)

Kz := 0. 95 Interpolated from Table 6-5, ASCE 7-98

Kzt:= 1.0 No hill or slope to consider.

Kd:= 0.85 Table 6-6 for solid signs.

V:= 85 Design wind velocity.
hr

1bf2
qz:= 0.00256 - - - Kz. Kzt- Kd- V 2 I Velocity pressure evaluated at height z

ft 2  above ground (Section 6.5.10).
Lbf

qz= 17.2-
ft 2

Determine equivalent force per linear foot of from wind loading.

Af:= 1 Area of duct normal to the wind direction

G:= 0.85 Gust effect factor, Section 6.5.8

M/N ratio, duct height is 6.625" and 8.625", length is one foot. MIN ratios are 170.55' = 1.8 and 1'70.72' = 1.39.
Use 1.8.

AS-125
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Cf:= 1.2

F:= qz-G-Cf -A

6.625]

D1 8.625 I
112.75

F,:= F- D

1bf
1=17.5-

ft2

Force coefficient from Figure 6-11,
M/N ratio less than 6, above
ground level.

Wind force per square foot. Eq. 6-20.
Section 6.5.13

The wind contacts duct with diameters of 6%. 8" and 12".

9.7
lbf

Fw = 12.6 -

k18.6

Wind force per linear foot of duct of a given
diameter of 6", 8" and 12", respectively.

Thermal Load

The overall thermal growth of the duct system is evaluated, based on ASME AG-1-1997, pages 15 and 16. The
thermal growth Is determined for a defined portion of the duct system and expansion joints placed strategically
along that defined length to allow for adequate thermal expansion in the support system. The worst case
temperature delta considers a low installation ambient of -250F.

No reference could be found for the thermal expansion coefficient of 316L Stainless Steel. However the
chemical composition of 316L Stainless Steel Is 16.0-18.0 Chromium, 10.0-14.0 Nickel, and 2.00-3.00
Molybdenum (ASTM A 312/A 312M-05. page 3). In ASME B&PV, Section It, Part D, Subpart 2. page 671. 316L
Stainless Steel belongs to Group 3 alloys. Group 3 also includes 18-8 Stainless Steel, therefore 18-8 SS will
exhibit the same thermal properties as 316L SS. Referring to Table TE-1, page 669, the linear thermal
expansion coefficient for Group 3 at 850-900F is between 9.5-10.2 in/100 ft. Interpolating for 875*F results in
9.85 In/100 ft which equates to (9.85 ln)/((100 ft)(12 in I ft)(875*F) = 9.3 pinfin-'F. Referencing ASME
B31.3-2002. Appendix C. Table C-3, page 233. the linear thermal expansion coefficient of 18-8 SS at 875*F is
10.13 pin/in-*F. Use the more conservative value from ASME 831.3.

Btl:= (200- (-25)]*F

St2: [875 - (-25) 1PF

St3: C77 - (-25) -*F

in

in'
£ := 0.00001013-

SF

5t1 - 225.0*F

8t2= 900.0*F

803- 102.0*F

refer to Assumptions

refer to Design Inputs

refer to Design Inputs

Coefficient of Thermal Expansion of 18-8
Stainless Steel, ASME 831.3-2002, Table
C-3. page 233.

Fluid Momentum Load (FML)

Calculate the Fluid momentum loads.
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p:= 0.00238 su
ft 3

Density of air @ standard atmospheric
pressure and 59OF (Fundamentals of Fluid
Mechanics, Table 1.7)

All HVAC duct bends are 90*.theta:= -
2

i := 0.. 2

d:=
6.625
8625

t:=
0.2801
0148

Area:= 9 - d-2. t)2

2

Q:= 1125cfm

0
V1 := A

Areai

d := d - in

t := t -in

28.9

Area= 54.5 in 2

120.6

(93.5 )ft

V =149.6 -
sec

22. 4

Pipe diameter. see Attachment 2.

Unreduced pipe wall thickness, see
Attachment 2.

Cross-sectional area of each duct size.

Maximum Flow rate for the NYB Model
1508 Fan, see Assumptions.

Velocity through each duct size.

From the linear momentum equation (Fundamentals of Fluid Mechanics, p 228, Eq 5.22), the following
equations are derived that solve for the fluid momentum loads resulting from a steady moving fluid changing
directions:

Fx := -p -Areai. (Vi) (l - cos ( theta) )

Fz := p - Areap -(V)2. (sin (theta) )

(Fundamentals of Fluid Mechanics,
pg. 230, Eq. 5)

(Fundamentals of Fluid Mechanics,
pg. 230, Eq. 6)

where Fx Is the force component in the direction of the flow of fluid before the bend and Fz is the anchoring force

component perpendicular to Fx

Solving for these equations provides the following fluid momentum loads for each sized duct bend:

F.= -2 lbf

-1 I

(4

FZ = 2 lbf

Il)

FML for 6", 8" and 12" diameter ducts

Fluid momentum loads are small and not considered In this analysis.
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0

q:=191n_H20

t:-
0.231
0.12
0.148

Di

2

q=0.686psi

t := t -in

Duct operating pressure per
Assumptions.

Reduced pipe wall thickness, see
Attachment 2.

3.31

R= 4.31 in

I6.38
9.8)

C2 2 4.2 psi

129.4)

Hoop stress as a result of NOPD.

The NOPD loads are small and not considered in this analysis.
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External Load (EL)

No external loads have been Identified for this ductwork.

Additional Dynamic Load (ADL)

No dynamic loading has been identified for this ductwork.

Normal Operating Pressure Differential Load (NOPD)

From Roark's Formulas for Stress and Strain, 7th edition, Chapter 13 - Shells of Revolution: Pressure
Vessels; Pipes. Table 13.1 Formulas for membrane stresses and deformations In thin-walled vessels.
Table 13.1 and the associated equations refer to following variables

R radius of curvature of a circumference
E modulus of elasticity
t plate thickness
q uniform distributed pressure
02 circumferential or hoop stress

From Table 13.1. Case 1 Form of vessel. Cylindrical, Case lb Loading, Uniform radial pressure, we get the
following equation.

q*R
a2 " t

q*R
0 2 : - t

Pipe radius.
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System Operating Pressure Transients Load (SOPT)

No SOPT loads have been identified for this ductwork.

Load Combinations

Load Combinations are not required for Service Level B AG-1 Analysis; refer to Section SA-4212. ASME AG-1
Code. However per Section SA-4100, Ductwork and ductwork supports shall be designed in accordance with
the requirements of Article AA-4000 and this Section." Section AA-4212 lists the load combinations for Service
Level B as the following:

Normal Loads (N) + Wind (W) + Thermal (T)
Normal Loads (N) + Operationally Based Earthquake (OBE) + Thermal (T) + Other dynamic loads (ADL)

N - Normal Loads = NOPD+SOPT+DW+EL+FML
DW - Dead Weight including loads caused by attached piping, accessories, or other equipment
T - Thermal Loads
OBE - Seismic Load that are the result of an earthquake
ADL - Additional dynamic loads resulting from system excitation due to structural motion.
W - Wind Load

where:

6.2 Constants Defined
Material properties.

E815 := 23650ksi

E4 0 0  26400 . ksi

ay_875:- 13.95ksi

0 y4oo:- 17.5ksi

AMSE B&PV, Section 11, Part D. Subpart
2, page 696, interpolated for 875*F.

AMSE B&PV, Section 11, Part D, Subpart
2, page 696, for 4000F.

Yield Strength of TP316L interpolated for
8751F, ASTM B&PV, Section 11, Part D.
Subpart 1. page 557.

Yield Strength of TP316L at 400'F. ASTM
B&PV, Section 11, Part D. Subpart 1, page
556.

6.3 NOPD Analysis

Circular Duct

Pressure analysis for circular duct Is analyzed using Article D-2280 and is located In Section 6.5 of this
calculation.

A5-129
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6.4 Round Ductwork Design Analysis

The following sections & equations can be found in the Non mandatory Appendix AA-D - Design of Ductwork by
Analysis (Sugoested Approach) of the ASME-AG-1 manual.

D-2200 ALLOWABLE DESIGN STRESSES - SERVICE LEVEL A

The maximum normal allowable stresses to be used in design for Service Level A load combinations given in
Table SA-4212 shall not exceed the following stresses. Although this application is Service Level B the
following is used In the determination of the Service Level B allowables.

D-2210 AXIALLY LOADED COMPRESSION MEMBERS

i := 0.. 2

K := 0.8 Effective length factor. AISC, page 5-135

12)

L:= 22 ft

7

d :=
1 66251

8.625

12.750

D := d. in

Maximum unbraced length of an 6" member is 12 feet at the fresh air intake,
8" member is 22 feet at the span between the fans and the exhaust stack.
All other pipe, the longest span is less than 7 feet.

t :=
0.280

1 :=.148t

t. t 'in

X -[(D )2 - (Di

4

- 2 - t)2
(. 58

A319 4in2

7.11it

Full unreduced cross sectional area of the
duct, In

2

Ij:
R- Di) -(Di -2-t)4]

64

r:=
-A

2it . E875

Ge 
KBL52

- (KLJ2

28.14

I= 35.41 ]in 4

140.42

(2.25)

r= 3.00 n

\4.44)

89

oe_875= 47

1021)

Moment of inertia

Radius of gyration of the unreduced cross
section.

Elastic buckling stress at 875*F

A5-130
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0

2n 2. E400
0 e 400 :-

Pr(KL)2

= 7.0 ksi
2

If e!5 L , then use equation 1a.
2

2
00=.521 E

()2

If Ge> L, then use equation lb.

0.037
875 := - + 0.667

Daygs7s

t-E8?5

0.037
a400= + 0. 667

Vy400

a8 7 5 := if(ass>

1.00

a875 = 1.00

0 1.00

U400 := if (CL400 >

99

Oe_400=1 52 ks±

11140

_402 = 8.8 ksi
2

Elastic buckling stress at 4000F

Equation ia, NOT APPLICABLE

3. 32

a875 = 1.74

11. 55

3.03

a 400 = 1. 62

1.46

1. 0, 1. 0 , as75 )

Area reduction factor at 875F

Area reduction factor at 400OF

a 5 1. 0 , if area reduction factor Is greater
than 1.0 use 1.0.

a S 1 .0 , If area reduction factor Is greater
than 1.0 use 1.0.

1.00)

a40 0 = 1.00

1.00,

A5-131

Project Number: A77977
DMJM H&N AECOM CALCULATION SHEET

Page 19 of 31

Calculation No. Originator: J Van Corbacbet..
145579-B-CA-023 Date: 3/24/2006
Rev. No. 1 Checker: Kevin Jones Ifn
Calculation Title DBVS OGTS Date: 3/a5A'
Bypass Structural Analysis

0

1.0 , 1.0 , Q400 )



RPP-24544 REV Id

y875
e 875

oy 400R4 00  - :0 e_400

0 y 875 (

Co_875 ==

'0. 40

R87 5 = 0.54

,0.12

0.42

R40 0 = 0.58

0.12

8 
-- e752) (1 - 0875)]

4 0 Ce 875)

5 3 R875
-+ -R875 8

7.4

Co_875 = 7 -0 ksi

8 .1 1

Equation 1b.

Allowable combined column and local
buckling under axial loading for a circular
cross section at 875*F.

Oy 400* 1 cry 400 [ (1-R 4002).( -4400)
-e _ D 400)3

5 3 R400
+ - - R400-

9.2

ao_400 =8. 6 ksi

10 .2 j

Allowable combined column and local
buckling under axial loading for a circular
cross section at 400F.

Column Buckling:

23.7
Dl
- -158.3
t 0

7.0.8

E875
0.441- -747.6

ay_875

E400
0.441.- 665.3

GCy_400

D E
Where ->0.441.--, use equations

t oy
2aand2b.

K-L
For - <Cc

r
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(51.3

= 70.5
r 

151

co = 0. 522 - -

K*L
For -> Cc

r

151900

(K-L2

Local Buckling:

2
Cc " 2-x -E

cryay

jI*2cr 2

1494 - ksi

NOT APPLICABLE

Equation 2a, NOT APPLICABLE

Equation 2b. NOT APPLICABLE

3300ksi
= 236.6

0 y_875

3300ksi
= 188.6

0 y_400

13000- ksi = 931.9
Gy- 87 5

13000- ksi
-742.9

0 y_400

D 3300
If - S -, then

t ay

1875= 0O. 6 0 Gy 815

c400:= 0. 6 0- y 400

0875 = 8. 4 ksi

0400f=10.5 ks.

Equation 3. Allowable local buckling
stress at 875'F.

Equation 3. Allowable local buckling
stress at 4000F.

3300 D 13000
If - <-5 , .then

t

O 13000
If - > 0 ,then

t a.,

5860 - ksi

D

t

Equation 4, Allowable local buckling
stress, NOT APPLICABLE.

Equation 5, Allowable local buckling
stress. NOT APPLICABLE.
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D-2220 CYLINDRICAL TUBULAR MEMBERS IN BENDING

The local buckling behavior In the compression portion of a cylindrical tubular member subjected to a bending
load is similar to the local buckling behavior under axial compression. Therefore, equations (3). (4). and (5) of
Article D-2210 may be used to determine both local buckling stresses due to axial compression as well as the
onset of flexural buckling.

23.7]

= 58.3

70.8

D

t

E875
0.070. - = 118.7

0 y-81 S

E400
0.070. =105.6

0y_400

If - 0. 070 then
t ay

0 a 875= 0.75.oy 875

0 a 400: 0 .75 - uy400

E8,75
0.319- =540.8

0 y_875

E400
0.319. =481.2

ay_400

0 a 87 5 =10.Sksi

10 a 4 0 0 = 13.lksi

£875
0.441- =747.6

0 y-875

E400
0.441- = 665.3

0y_400

Equation 6. Allowable bending stress for 6'.
8" and 12" duct at 875'F.

Equation 6. Allowable bending stress for 6",
8" and 12" duct at 400*F.

If 0.070 < S 0.319 , then
05y t 7y

Ca= 0.581+ 0.012

E

- - y
D I
t )

Equation 7, Allowable bending stress,
NOT APPLICABLE.

E D E
If 0.319--- <- 50.441-,then

ay t ay -

E
a0 .19 6.-t

.D
t

Equation 8, Allowable bending stress, NOT
APPLICABLE.

If none of the above conditions have been satisfied, use Equation 3 of Article D-2210 per above stipulation.

S-Allowable bending stress, NOT
APPLICABLE.
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D-2230 TORSION

The normal allowable shear stress, vt. due to local buckling of a circular tubular member subjected to torsion

shall not exceed the following:

v := 0.3 Poisson's Ratio, AISC ASD. page 6-37.

E875
Es 8 7 5 := (

-2 - (I + V)

E400
Es 400 := -

-: 2 -(1+ v)

Es 875
a8 7 5 = 1-16 -

a400 := 1.16 - E-s4
E 400

D
R -

2

vt 875 := O. 395 - a8 7 5 - E8 7 5
- S.

ES 87 5 = 9096.2 ksi

Es_400 = 10153.8 ksi

a875 = 0. 45

a400 = 0.4 5

(3. 31)

R= 4.31 in

6.38

5 1

(ti) 4 RL
2

Secant modulus at 8750F, also called
Shear modulus of Elasticity or Modulus of
Rigidity, Equation 2-19, Shigley page 34.

Secant modulus at 400*F.

Plasticity reduction factor at 875*F

Plasticity reduction factor at 400*F

Outside duct radius

Equation 9 at 875*F.

'28. 8

vt 87 5= 7.9 ksi

J3.3,

Vt 400 := 0. 395 - a400 - E400
- S.

5 1.

(t TR) 2

(Ri L

Allowable shear stress due to torsion at
875*F.

Equation 9 at 4000F.

32.2'

vt_4 0 0 - 8.8 ksl

J4.8,

Allowable shear stress due to torsion at
400F.

A5-135
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D-2240 TRANSVERSE SHEAR

The allowable shear stress, a, due to local buckling of a circular tubular member subjected to transverse shear

shall not exceed the following:

0 v0875 -= 0.493.ag75

36.0

av875- 9.8 ksi

L6. 6

5 1

-E875.- i -j
(Ri) Li

5

(t fL2
Ri Li

av o400 : 0. 493 -a400 -E400

(40.1

av 4 00= 11.0 ksi

Lila1 .i

Equation 10, Allowable Transverse shear
stress at 875'F.

Allowable shear stress due to torsion at
875'F.

Equation 10. Allowable Transversc sheir
stress at 4000F.

Allowable shear stress due to torsion at
400'F.

D-2250 COMBINED AXIAL COMPRESSION AND BENDING

When subject to both axial compression and bending loads, members shall be proportioned so that the
interaction of these loads does not overstress the ductwork.

0 c 875 := if(Go875 875 , o875 , 0875)

(741

c 875 7.0 ksi

00_400 if(o400 <0400 00_4001, 0400

c 0 8 ksi90.2

a,, allowable bending stress, Is the

lesser of the values of aoand 0, frorm

section D-2210 at 8750F.

0c, allowable bending stress, Is the

lesser of the values of acrand a, from

section D-2210 at 4000F.

fa
If - s 0.15 , use equation 11. Calculation performed on Excel spreadsheet. Attachment 5.

1c
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fa fbx fby
- + - + - 51.0
cc 0 a a

fa -applied compressive stress.

fb - applied bending stress in the x and y direction.

Ga- allowable bending stress.

Equation 11, must be less than or equal to
1.0. calculation performed on Excel
spreadsheet. Attachment 5.

D-2260 COMBINED TORSION AND AXIAL COMPRESSION OR BENDING

f c - applied compressive stress due to axial loading or bending, value used is the maximum of the RISA-3D

calculated axial, y top bending. y bot bending, z top bending or z bot bending stress.

cC_875:= Ca_875 cc 875 =10.5ksil

Cc 400:= a_40 c 4o=13l-ksi

oa- applied torsional shear stress.
28.8

Ev 875: vt 875 v-875 739. ks

430

-32.2

tv 400:= vt 400 Cv 400 8.8 ksi

14..1

f c 2 2

+ ov 51.0
-Cc) 2 2s

D-2270 COMBINED TORSION AND TRANSVERSE SHEAR

f t - applied torsional shear stress

28.8

vt_875- 7.9 ksi,

13.3.

32.2'

V_4 = 8.8 ksi

V14.8 ,

Ec= allowable compressive stress due to
axial loading or bending at 875*F, ksi.

Ec = allowable compressive stress due to
axial loading or bending at 4000F, ksi.

C,= allowable torsional shear stress at
875*F, ksi

E,= allowable torsional shear stress at
400*F, ksi

Equation 13, must be less than or equal to
1.0, calculation performed on Excel
spreadsheet, Attachment 5.

vi - allowable torsional shear stress

at875*F.

vt - allowable torsional shear stress
at 4000F.
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fv- applied transverse shear stress

136.0

av1875= 9.8 ksi

40.1

0v 400 - 11.0 ksi

18.5

ftc fV
- + - <1.0
Vt av

a, - allowable transverse shear stress
at 875*F.

GV - allowable transverse shear str'ess
at 400*F.

Equation 14. must be less than 1.0,
calculation performed on Excel
spreadsheet. Attachment 5.

6.5 Ductwork Pressure Analysis

D-2280 PRESSURE

Positive Internal Pressure. Positive internal pressure causes tensile stresses within the duct and actually
reduces the tendency toward buckling. The tensile stresses due to Internal pressure are:

Equation 15, Hoop stress as a result of
NOPD, NOT APPLICABLE.

Equation 16, Longitudinal stress as a
result of NOPD, NOT APPLICABLE.

Negative Internal Pressure. The critical hoop stress results from an external or negative internal pressure. The
critical elastic buckling pressure for ducts subjected to external pressure Is given below:

12.0 ft

L= 22.0 ft

7.0

6.62

D- 8.63 in

12.75)

(0.280

t= 0.148 in

0.180
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j := 0 .. 2

23.7

- 58.3

70.8I 1.818 - Lj

D-

1 .818 -L()
If 10 < - -I

D t

if 1.818-L
D

(D 2 4D

~t) t

1

2 192.2

424.8

100.8 I
2.6 -E

then, P' CR

then. P'CR02.2-E-)

(94.6

4-- - 233.13
2t 3. 3

Equation 17.

Equation 18.

ASME AG-1 does not give any guidance on the determination of P'CR'f
1.818 - L 2D)

is greater than

4- D
- . for conservatism use the most
t

2 'CR1_815

P'CR1_400:=

P'CR2 875

P'CR2 4001

,3
2.2 - E875

i3
2.2- E400D-

2.6 - E875

Di )2_5

2.6 - E4 00

L i Di 2.5Ci Lfl j

conservative value for P' CR -

(3928.0

P'CR1_85=1 262.9

146.4

(4384.7

P'CR1_400[ 293.5

163.4

(1038.9
P'CR2 875= 775

221.0

2 'CR2_400-

1159.7

86.5

246.7

Use equation 18 for 12" pipe and equation 17 for 6" and 8".

P'CR_875 " if (PCRI_875 < P'CR2_87s, P'CR1_875 . P'CR2 875k)
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psi

Equation 18

Equation 17

I psi
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(10 38.9] s
E'C_87 -77.5 ps i

146.4

P'CR 400  if ( P'CRI_400 <IP'CR2_400 .'CR1_400± P'CR2_400)

1159.7 ] p

P'CR_400( 86.5

163.4

P'CR 875
P'allow 875:= ^

1.67

2
'CR 400

P'allow 400:= ~~
1.67

(-19.0)

P':= -19.0 -in H20

-19.0)

622.1

P'allow_875= 46.4

87.7

694.4

P'allow_4001 51.8

97.9

Ipsi Allowable pressure at 875*F.

J psi

(-0 .69)

P -= -0.69 psi

-0.69)

Allowable pressure at 400F.

Actual duct system pressure for duct
(negative Internal pressure) is far below the'
allowable for the given NOPD values. Use
maximum design pressure of proposed
system fans.

D-2281 COMPRESSION IN COMBINATION WITH INTERNAL PRESSURE

Internal pressure stiffens the duct against buckling from external loads and reduces the net compressive stress
in the section. For conservatism, the Internal pressure should be Ignored and the external load used for
calculation.

D-2300 ALLOWABLE DESIGN STRESSES SERVICE LEVELS B, C, OR D

Members and assemblies subject to stresses produced by Service Levels B, C. or D load combinations shown
In Table SA-4212 (ASME AG-1-2000), may be proportioned for unit stresses 1.3 (Service Level B) or 1.6
(Service Levels C or D) times greater than those specified in Articles D-2210 through D-2240 for Service Level A
load combinations. However, the Increased stress allowables shall not exceed the following limits:

0 o max 875:= 0. 9- y 875 Oo max 875=12.6ksi Equation 21, maximum allowable
compression stress for column buckling
under axial loading at 8750F.

ao_8 75 := Cyo_875 - 1.3 Service Level B

A5-140
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1 9.6ao B875 =j 9. 1 ksij

co max 400 := 0.9 -ay_400

o_400 := Co_400 - 1. 3

12.0

ao_400 = 11.2 ksis

13. 2

amax_875 := 0.9 . ry_875

a0 d<a 0 _a .therefore OK.

O -mx 400 = 15.8 ksi Equation 21, maximum allowable
compression stress for column buckling
under axial loading at 400*F.

Service Level B

co a<coma therefore OK.

aMax 875 = 12. 6 ksi

0875 := a875 - 1 .3

0875 = 10 .9 ksi

Equation 22, maximum allowable
compression stress for local buckling
under axial loading at 8756F.
Service Level B

a < cama therefore OK.

amax400 := 0 . 9 - ay 400 Equation 22, maximum allowable
compression stress for local buckling
under axial loading at 400*F.

Service Level B0400 = o400 - 1 .3

a 4 0 0 -13.7 ksi a < amaa therefore OK.

aa max 875:= 0 - y_875 Cymax 8 7 5 =12.6ksi Equation 23, maximum allowable bending
stress at 8750F.

Ca_875 := a_875 1. 3 Service Level B

a8 6 7 5 =-13. 6ks i

0la_875 = aa-max_875

Ca max_400:- 0. 9 -y 400

Ca_400O:a_400' 1.3

0 a 400=17.-lks

0 a_400= -azvmax_400

a > Camay therefore use max value.

So&
8 7  12.6'ksi

a max 400 -15.8ksi Equation 23, maximum allowable bending
stress at 400*F.

Service Level B

oa> 0amax therefore use max value.

ca 400 &15;.8ksi
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0.9 -ay 875
vtmax 875:= vt max 87 5 - 7-2 ksi

-- O ~ ~
Equation 23a. maximum allowable shear
stress due to torsion at 8750F.

Service Level Bvt_75= :I-s 3 - vt -875

37.5

vt_875= 10 ksi

17.3

if vt <vt max use vt. otherwise use

vt-max

vt_875 := if(vt 875 < vt max_875, vt_875 , Vt max_875)

7.2

vt 875- 7.2iksi

i7.2

0. 9 -ay 400
Vt max 400:=

vt_400 = 1.3 - Vt_400

41.8

vt_400 = 11-.4 ksi

119.3

Vt max 40 0 = 9.1 ksi Equation 23a. maximum allowable shear
stress due to torsion at 4000F.

Service Level B

if vg < v max use vt, otherwise use

vt max

vt 400 := if (vt 400 <Vtmax_400. vt_400, Vt max-400)

19.1

0.9-ay 875
Gv max 875 3max 75 -7.2 ksi Equation 24. maximum allowable

transverse shear at 875*F.

Service Level B0 v_875= v_875- 1-1.3

4 6.7

av 875= 12.8 ksi

LJ21.6,

If Gv<tv _maxuse Cv, otherwise use

Uv-max

A5-142

Project Number: A77977
DMJM I1&N A ECOM CALCULATION SHEET

Page 30 of 31

Calculation No. Originator: J Van Corbachitc.
145579-B-CA-023 Date: 3/2412006
Rev. No. 1 Checker: Kevin ones l\T
Calculation Title DBVS OGTS Date: 3/25/60
Bypass Structural Analysis

9



RPP-24544 REV Id

Project Number: A7797
DMIJM H-&N A\ ECiM CALCULATION SHEET

Page 31 of 31

Calculation No. Originator: J Van CorbachSZ..
145579-B-CA-023 Date: 3/24/2006
Rev. No. 1 Checker: Kevin Jones I*rC

Calculation Title DBVS OGTS Date:I3/25/(0
Bypass Structural Analysis

Ov_875 = if(Crv_875 <Covmax_875, Ov 875 .0 v max_875)

37.2

Crv_875= 7.2 ksi

07.2

Cv max 400 .
0  v max 400 = 9.1 ksi

Uv_400 := Cv-400 -1. 3

52.2

av_400= 14.3 ksi

124.1,

Uv_400 : if(av_400 <Gv max_400. 0ov_400 * 
0 vmax_400)

9.1

a.,_400 9.1 ksi

9.1

D-2400 STIFFENER DESIGN

Stiffeners are not used in the design of this duct system.

Equation 24, maximum allowable
transverse shear at 400*F.

Service Level B

if UV <Cv maxuse av, otherwise use

uvwmax
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Mechanical Properties For Circular Duct
0 ID

(J2 0 00 00

(4) i) (in (C)(n4) (n2 (C^2 (0./t (Ifi1(n
5 2 P 7S 2 3. .2.

S- 2 2 .
( - s NCWT s 0

(in) _______ (in) _______ (in) (in) (inA4) (inA2) (lnA2) (lW/fl) (Ibf~inA3) (in)

62 40 6.625 IA312 TP316LI 0.280 1 0.2310 23.74 I 5.58 4.64 19.42 [0.290 [ 2.26
80 1 o 8.625 IA312 TP316t4 0.148 1 0.1221 429.48 4 3.94 13.28 13.72 1 0.290 j 3.01

12j1i 1S 112.75 JA312TP3I6Lj4 0.180 1 0.1485 1116.71 1 7.11 15.88 124.74 1 0.290 j 4.46

(1) - Duct diameter Is the outer diameter of the associated nominal pipe size per ASTM A31 2/A 31 2M-05, page 10.
(2) - Duct wall thickness per ASTM A312/A 312M-05. pageS5. ASTM A53 also uses 12.5% reduction per ASTM A 53/A 53M-02, page 17.
Include an additional 5% for corrosion/erosion
(3) - Based on Nominal Wall Thickness.
(4) - Based on Manufacturers allowed Under Wall Thickness and corrosion/erosion reduction
(5) - Mark's Standard Handbook for Mechanical Engineers, page 6-44

.
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0 0

Calculation 145579-B-CA-023 Ex ansion Joint Schedule

Tag Number Node X-DspI Y-Dspl Z-DspI Z-DspI (min) X - Max Total Y - Max Total Z - Max Total
Numbers (max) (max) (Max) Dsp! Dspl Dspl

N1 0 0 0 0 0 0 0.648 0.12 0.014
EJ-634 N92 -0.002 -0.648 0.12 -0.011 0.008 -0.014 Axial Lateral Lateral

N88 0.014 -0.016 0.009 0 0 -0.05 0.173 0.047 1.883
EJ-636 N89 0.157 -0.128 0 -0.038 1.833 0 Lateral Lateral Axial

N107 0.041 0 0.002 0.002 0.002 -0.002 2.516 0.196 0.205
EJ-637 N108 0 -2.475 -0.192 -0.194 0.2 -0.203 Axial Lateral Lateral

N109 0 -2.421 0.008 -0.007 0.015 -0.014 2.448 0.012 0.017
EJ-813 N108A 0.027 0 -0.002 -0.004 0.002 -0.002 Axial Lateral Lateral

N110 0 -0.027 0.004 0.003 0.002 -0.002 2.409 0.151 0.08
EJ-621 N111A 2.382 0 -0.105 -0.147 0.077 -0.078 Axial Lateral Lateral

N111 0 -2.467 0.002 0.002 0.002 -0.002 2.503 0.002 0.002
EJ-612 N110A 0.036 0 0 0 0 0 Axial Lateral Lateral

N1058 0.129 -0.157 0.325 -0.017 0 -2.292 0.173 0.335 2.342
EJ-35 N104A 0.016 -0.013 0 -0.01 0.05 0 Lateral Lateral Axial

N51 . 0 o0- . 0 0 0 0 0.332 0.004 1.338
EJ-1 Fil Intae -. N96 . 0.332 -0.026 0 -0.004 . 0.013 -1.338 Lateral Lateral Axial

EJ-618 - Filter Intake N52 0 0 0 0 0 0 0.48 0.002 0.205
N97 0.48 -0.025 0 -0.002 0 -0.205 Lateral Lateral Axial

.J-0- a .-utt N1- -0--- 0 - 0 -- 0 0 0 0.232 . 0.004 1.313
_______ FN101 .0.002 -0.232 -0.002, -0.004 1.313 -0 Lateral Lateral Axial

17 -NFano utlet 0 0 0 0 0 0 0.094 0.004 1.095
_J__17_______'-. N57 0.094 -0.088 -0.002 -0.004 1.095 -0.004 Lateral Lateral Axial
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zAx

Conneon to ain OGTS LINE
5-VOG-35-0217-. N I

S-VOG

EJ-634
N1 N92

N6 - Support 1

0

N20 - Suppo

NN10I. N19 - Support 6

N10 -Sport 27
NI13 - Support 4

-36-9286 15

OB
EJ-635 N15 - Support 31

NI1I - Support 2 N104A EJ- 36 N14 - Support 5

N1 N8 N89

12-AA-3 -009

6-A-3-48124

M u 16

N116 - Supor OGTh Byass Bleed Skid
N119 N121

S

U,

U,
0~

DMJM H&N DBVS OGTS Bypass
DMJMH&N DL1 Mar 23,2006 at 9:10 AM
145579-B-CA-023 Support and Expansion Joint Locations untltedfld
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465

93

EJ-621-
N110IN111A EJ-613

N108A N109
8-VOG-36-0286 0

N53 - Support --

N3N3 - Support 14
N28 - uppor 13EJEJ-12

NIIN10 N1l
>~~2 -3 -Support1 12b

Y, CA

N302. Supportr4 90

C3

N272 - Support 1

N252 - Support 

N21 - Support 8

0

DMJM H&N DBVS OGTS Bypass

0

DMJMH&N E l2 Mar23,2006 at 11:10 AM
- 145579-B-CA-023 Support and Expansion Joint Locationm untedirM



8-VOG-36-03181

0

EN 18

NS -Suppoct 22

72

N72 - Supkport 20

S1

N99 - Support 18

N93 - Support 25

N104 - Support 23

EJ-620
N100 N101 N93

N1 1101 W104 I 

2 N1 yp ss HEPA Filter #2 57 N 5 -S p ot2

52 Off-GasBypass HEPA itr# EJ-N17 N53 - Support 17

5 0 1E J -6 1 5

N73 - Support 21 NSI N98

IN50 - Support 191

(D

U1
0

DMJM H&N DBVS OGTS Bypass
DMJMH&N Mar 23, 2006 at 9:15 AM
145579-B-CA-023 Support and Expansion Joint Locations undtled-Md
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- IN71 - Exhaust Stack 00
zKx

N65 - Support 26

C=
0

it

- 45.

N93 - Support 25 L2
,;A Ln

N104 - Support 23 -4
tA S-VOG-38-04058C

EJ-6206
MOO 14101 C0

293X

(D

" ~5 7111 IN 0 8-VO G36-0286

EJ-617-
NS5 N57

C)

(0

DMJM H&N DBVS OGTS Bypass

DMJMH&N EA Mar 23,2006 at 9:15 AM
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Display Sections for Member Calcs 5
Max Internal Sections forMember Calcs 97 -
Include Shear Deformation Yes
Include Warping -:sz .'*..- Yes.-.-... -
Area Load Mesh in^2 144

Merae Tolerance (in): S .12- a - -- vi.
P-Delta Analysis Tolerance 0.50%
Vertical Axisi . t-; :- Y:>.
Hot Rolled Steel Code AISC: ASD 9th
Cold Formed Steel Code e,:tJ AIS 199: ASD -
NDS Wood Code NDS 91: ASD
NDS Temperature o, <100F.. IOF - .
Concrete Code ACI 1999

Number of Shear Re ions 4
R ion Spacinq Increment in - e 4.-,.-.. . .-

Biaxial Column Method PCA Load Contour
Parme Beta Factor (PCA) -:.n .65
Concrete Stress Block Rectangular
Use Cracked Sections .. -..... Yes. - -
Bad Framing Warings No
Unused Force Warnings Yes -

Joint Coordinates and Temperatures
LabelX ini Y in 7 rinl T. L M....FomCmn4E L. Fm"

1 10 0 0- 0
? ~4c.2 N? ' .7Q4375...--....- -0 777u77 _- 7_ 7
4.. N3 76437567 -1007445 Q 0

4N4 -80 830055 ':-5999567 -fl -_.- __ _ -___
5N 82437 -12 0 _

6 N"-:8?-437 47 50 ae n
-N7 82.437 -79.75 -1607695 0

NQ 82.437 -84.142305 -z ezL&. - t 7-a -7
9 N9 82.437 -85.75 -12 0

0Nil ?.437 -85.75 --18
N f1 82?437 -85.75 -165 _

3 N13 82-437 -85-75 -375 0
4N4 82.437 :-2-85.75- 2.45T ... . 0.

1 15 ?47-85-75 -523.95 0
16~ ~ Ing '0890 .87 5?925 L- ",f- : :4

17 N17 76,437 -85-75 -533-642305 0
2-: N18 p 70.437 685.75; 1-:' 535-25 ""5 0 9 N t

1N19 36.06? 1 -85.75 -535.?5 0
i?. N20 .; w t53 938 : 4575 3.5.. a I535 sx - 0 5 __

?1 N21 -?75.938 -8575 -535.5 0
?N25' fl;341,938" -8575-l, -535,95 L

?2L -407-938 -8575 -535.25 0
,4 N?2 4520-938 - -535?L5 .0

25 N25 -605938 -8575 -535.25 0
?ifi L N11 N26 -7 '677.938 L !'%85-75 - : aLn35?5 1 Y:O *M S

-27 N27Z -749.938 :,57,1 -535.25 0

9 9 -917,938 -85.75 -535.95 7777413 30 1;.0A017938 L- @Z575 L- 535,2' 7 7 -7.20 M~
31 N31 -1085-938 -8575 -535,5 0

122: ' -'N32 A ' 11.7938 85.75 -- 53525 - : 77_7____
3 .... . N3 -85.75 -U5.25 0

RISA-30 Version 5.Od [C:\RISA5]un ded.r3di Page 7

AS-160

Global



RPP-24544 REV Id

Attachment 4
DMJM H&N

Calculation #145579-B-CA-023 Rev 1
DBVS OGTS Bypass

Page 8 of94

Joint Coordinates and Temneratures (Continued)
-ae X Vn fint ZInL ......nnfl... Qetahfmmfa..

34N34* -1823,416 -85-75, -5352...2i 0-
N35 -1943,063 -85.75 -535.95

* ~N36~-- A-1 8 72 A 7 ll 95  . -45-75 MUM.. 0
377 -1877,86747 -.35769l5 --... -rr7-r 0

40 N4O2s,r-. Fl49O063 ?t.: ;a-87357695-. .-- ,.--2 1
41 N41 -1953.455305 -91J5. -53525.. .- 0...______

AL 'N4'Y .. ;-z: - 19550G63 . 97.75 ... A.~fA. Z~
4341 -1955.063 . -2...z96.25.... -55.25 -~.......

45Z - "4'<C' C-1883,0635- -2969255 - Sfl2.-zt6zSz8

Aft ' N51~.,..'. '-1883063' - -- 25 -'2sAza-i2Ls -.

47. N52 -1955-063 -296.25 7.A3125 0.....
48t-:; -N5 t46MB38r.. :675 -- 53525 .Z.Z fti2Lc

<vY. 5? 0-s' - . -869.563' ".'-49625 .Z.2... - .

-f-i 3869563'-771-625

531N63 -1869-563 -249.625 -.. 1238~ i.. 75 ..................
55 1 N65 r 1869,563 -43,61705 -1242673i.. 0____

56"36-% .l rJZ1.. -24 7625- ':'A250fZL 875 .......
57N67 -1869.563 -171625.... -.. 19-D.ZLn . .........

-M -zP-N68,- ..K.871 17 695 - *165,69 -15 A75~j l _ __ _ _

599 -1875,563 -161.232695 -1250J87 0...L
~~N70 ~ ---- *- :881,563~ .4~59,625 ___A250_875

61N71 -2057,313 -159,625 -1250__875_0

-113Y2..-188350635" -296250 -654i25~ 0'

.4:.75 .. . .-. 1029 53 :-249-625 e -722.695 0 ._ _ _

65 N7 82.437 -85.75 34..... L0.,.
i66 ,85.75..93 ,.i~2'

67N78 77=. -491.938 -85-75 -525~.0.......
69 1i N8 t-1661,938. -'85-75. -552 0...Qz

it .,-" %-"aNp2 ' n .' 4r-- 1955.0p3 :t':,i:. .- 7375 , ,z35.9 ,'w' 0 777:
71N83 -1883.0535 -561Z6875 0~SZ...t...

MLJk.t&8 140jb625 -8575 - ' -53525t 0 t~J

75 H-84fl2 5.75 ...313~i.. -.-----

ja '.z Jd -4 'r896%.- 249_625' -8A76L .Z L
77LN9 -1869,563 -249-625 -9025L..,

79N93 -1869,563 -249.625 -959 0
81 N97 i-195.18063-.i -29625; A 6112_1_0

n. N98 9.2 '!-.'12

1L '-"~%NI00- .132 1255 A l24g-625 0.- 2Zl lf..

85NIOl -1923,640253 -71,354 0
86i -t13I'~ -l4918.90472-''2965' .. z..... "

:0 :iNI1 C- .9L6245:. 2F2517 -1...
NI3 i89L.... 15.1875 0L......

.:V2 o-N0A1-~ 97,6245 1 -12875 0s~ A~

RISA-3D Version 5.Od [C\RISA5\untiUed.r3dj Page 8
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. Joint Coordinateflnd Temperatures (Continued)
Label Y imi YVinl7TepW ftahFmo

Q31 N105A 22.B12 0 0
.9! 'N- S1068'* 's ~'2437........56,25 Z.0.f..... 1..Zf Z Iron. ~
S5 1 .. zN107. -259-938 .75 -5Z3515zuszw 0 ____

NI7C1 -671.938 -57 552
Q it-,-l 1 r;.4. I L655938 ~ .*8575 ~ "-535,505 '" : r

991 Ni GA .1I512,8. -85-75. -535i2 0 ____

10 1 IO -1163-938 -85i.75 -535M 0 ....
.. D2 .' 'iIA 'vA~:'tv; 179938- tJ57 ...- Z2i25 . - w._ _____

.1031 Ni112 22. 0 0
1051~ '4frN105B~"' tk82,437* -r ~85-75.2-2 0~t ,~it

'innf -. oN06"~~ ' C82-437<9 2-A."5.75 7.~ 0j~flr

1071 NO7 82437 -64 004 M,06466 0Jll~ L
,t10B08AvA .'.:,80_829305..- .&59763826 '30126lZB26 0......

log 1 76-4A1i37 -56-657997 -~29815799L 2.
jjfl, .f:..n,10 : , .. ,7 0_437 -297.-0..s 212 0 ..2Dhz Z ~

IIII NIA A-40l563 -55.52 115 ASL-2970118 .0.....
.11'> I Nl12A ~~ 4-5653007 L.'57128882.. .'l2iiB118 0' .

11.31 N 113 -50,D955 18, -61-521193 -297,02185. 0.....
NI1::._f'% t .2563015 ' A -7.5917 :-29,0218.

list Nil 155253015 -.24CL6Si -297L021185 S
16N11 ~.... - Lz%-52.563 :.- ' <245.1249 .z.6.2 ~Q L i

11-52.563015 -248.419068 -111,52l21 a

1if 1 N 19 -.. 5256 .~ -2496248 320ft21.± a 777 7777O 21';-L N120? ;*52-563015' --- 249-624815: -3102......
.211 N 121 -52.563015 -249,248~I 5- f3l1021.. 0 . _____

122 LXeiN122:. . t-52563015i- .!2419624815t 2-382146 jzLt..2 !. . . ' - .....:_'
.1231 N123 -52,563015 -247.21 32Q7 -3911A452i .ft..
l241 -v. .. N124; .t i52.563 ' '!', --40f6249,t Lflf-37 l34 . . :"jo .. ..
251 N125 -52 563015 -23 M5JAJ -400,145815 0

126~ 1 2't. N1 26 -191~- 5.531-- .~. -625., '400-145815-

2T Ni27 -52.563015 -8.43087lfL. A22.I121L
.12g NX."N 128< _'52 563015 -1784427 -45.3011

130f1 L,rtN130 .nt;t52563015 '.'.4,6. 8zJ..5-423.......
131N131I -52,563015 1 -178,896947 -430Z874053 . .

J. oint Boundary Conditions
Jrint L abel ...J n.. Y. .... A.... 7 .ltlb nL.......YR~kWad RlIEffr

W tL S cflon E ',' .22p ',.R acto

~~ito rtiJ E-ReaclEigon _ _

-L ~-Vfl- - Reaction Reaclkn __ _ _

9r~;~~ N4 tK' ,Reaiction 2 J~efionj'L .' p

t Ni leaction EnaMt on__
0A -, : .N20 1- " ' . Jj1njj - ______ ','., 1-___ec

At N21 Snado Renalio eaction_

13N23 eacion Reaion _ ________

it .:,-N2 '-7 _ __ _ _ _ _ _ . 7-7 7 -, 7 7777 7

15 NJ25 2Qartin Reao
AL Rf CYN8''~ ~ - ecin ZeactionU.

RISA-3D Version 5.Od [C:\RISA5\untitled.r3d] Page 9
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Joint Boundary Conditions (Continued)
w

_ 3 1A312TP316 I 28277__L11154 J 1a I inin 1 .29 1 30 1

RISA-3D Version 5.Od [C:\RISAS\untilled.r3d]

J1 nf I ab.1 X nhfn1 YnbnI 7 runn] -X Rnt M-f&4 Y Ro Lfk-fthrarf dlp~n
17 N27 Reaction Reaction

18' ':' -vN28 'snE G-rNtReaction" Reaction" A-s-naed
19 N?9 -

25- -N30 -- : "te - Reactjonz- Reactions UG-4sd
1. N31

22--N32 -. : kY eon- Reaction- Re ction- n-
33 Reaction Reaction

241 E~aN50na Meactind Meacfion -M on
25 N51 R zfReaccion RaCtIOn Reaction Reaction Reaction Eacing_

.2EN, !; N~adion- -a Reactionia -- Reactions f-Reactlon r: -!Reacfion i Reaction
-27 L Reaction Reaction
,21L; -'-5 w Reaction-; -4 Reaction,% N-Reaction- ; acifi Reaction ;';:Reacdinu
?9 N157

2L N64
34j .nN6Sn KRaction Eaacion' Rei_-__
25- N66

37 N69

Mt N70
4 ,_N71R Reaction -Reacton ;Reaction's eaclion .Reactlon

4I N72 Reaction Reaction Reaction
-fl. % ~~73 acio ' x6r 77 . ' - I7, 7

4 3 - N 7 5 R e a c tio n R e a . c tio n -7 7 7 7 777_ _7 7_ _7 7_ _ ...... i

45 N88 -
!AfL " N90~ > ....... - _ _ __ _ _ __ _ _ _ _ _

47 N9
AL *-.*'fN92 j 81fi% .S249 v e f?4s _ _r_

49 N93 _ _+6

L5 t N 98 B- ~ A -A e cti.5L N99 Reaction IReaction Reaction
L RdtiL -N1'0 o -E2tions:L eaci a' R ation- L Reaction z-Reacion -Realionn

53 N101-

-55- 1Q4. -aco

57 N11?

59 N5 Reaction Racto Reion
60 WN14e Reaction Oaci W:M Reacfid NW' We C
61 N116 Reaction RecinReaction

,OL. N121

.5 . N12tB Reaction
,L N1 L - a_ _ Reactioni_ __ -_:7_:-

Hot Roled Steel Properties
I abelfksn ThO7 \5 FenlIvIhn3 YektMSf

LA3 29000 11154 .3 . . 3
iz2zi sA3?TPMLi -?-?77% 114 25

A5-163
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Hot Rolled Steel Section Sets
I ael- Shame fledan Ulst Tye. Material AnslRdesAlin2l zwIn1f lrlMI Ari1.

5Dt Is In Sch 40S 17.5% .- I Pine I Ream IA312TP.. Tiical 13578d 1282 112 82 25.6399
6 in Sch4O S!7.5%.:. - Pe 12TP.. 23.7441 3.7441 47.48831II~ ~ ~ ,~ 1 DIn -,. iTP] 11.1.1871.3.2.3 Iin Dian dia Sd 0s 17.5-. Pne - mA12TP Typical 361629.4826 9.4826 58.9653

- 4A . --s12*n Dia.,Duct -, 12 In dia Sch 10s 17. Peam 2A312TP.. Tvncal 5.8789116.7l.. 16.. 233.42.3

Member Primary Data
- n ~ _Jhh Kj~ Jointj Sectio/Shap Qnj I wo._T .taterlL D i ie

N2- Pine m12TP316
. - M24A -214 . .;N' 7'-nDJ Duc -L fj Beam 12TP316.

S N4 N5 61n Din Duct Pipe Beam 12TP316
jL M4 j Jj N106Bj 7-77 "Sin flip. Duct P . Ream. 12TP316 .;ypia1-

-5- 22~M* N6 N7 ~' 8in Din. Duct Pj~fte Beam. 12TP316.
.. 6. 14L,-... -, N8JL2....n - in ict Beam 12TP316 I iaf 1

7~ M7~fl N8.2: N9 Lkn Din Duct *"Pne'' Beamn 112TP316 IyokaL
"a I ' ;,Ng,' f Nf, 4'lJ81n D~ta, 1 2TP316 1 -.

9n cMgz I. I t N7 I< . Sin DInct. Pine Bea 12TP316 lygical
r :N l ,dN1-B t e-j- ip: er 12TP316t v

1j Mil NV_ N8 -Bn fip Duct fjge 12TP316
.12 l 2 ifl Nht- :1. . .8inDippDuct- . igorz Beam12TP316 T--

13 M13 N14 N15 *in Di. Duct Pine e 12TP316t
14' z N15, Ilil. 77 _77_ SinDia. Duct ;ine.13 Typica12TP316

15 J4I15.. JN16 N7lL Sin flia Duct I. Be~am 12TP316 al
Sa 12TP316 ypicl

4 J . ._ i Din Duct Ent.. B 12TP316 Typical
-7 M17 Jl N19 Bin Dia- Duct -z oi FRI Beam 12TP316 --

.Ii J Nt1 19g - Nj24 Sin Din.;Duct iA Beam12TP316
192 .19S JN20 zNx 8in Di. Duct Pine -8a 12TP316 ypic1.292 ?,2 '2,N2- SinlDin Duct Pine I eam1236 ynL

22__ n Dim Duct '.12TP316 T
22- - Bin Din Dict PieI Beam 12TP316

.27, j M22 ,'N23. j I N 8 Bin Dip. Duct 2z i 2 IReam. 12TP316 n.

-3 M23- N~f24 N25 -zr. in Dia Duct Pine lM 12TP316 -L2-4-' S-,' M24 N25'in Dia. Duct .. in..Beam. 12TP316 *jynmcal5 - -iaDl t Pine Ieam 12TP316 Tpi
Sl'., N111- .b ... B n Din Duct 'i .Lii Beam 12TP316 i

7 M27n N20_ N29. Bin Din Duct Pine B 12TP316 - a

-MS J'N29 - - flinDiPDut -ipe:, 12TP31 yvjrj
9t .zM29Z N30L N7 ' . Bin Dia Dujct~" LlP. 12TP316

Aea.~r JlL- - Ba 12TP31 6iloa7ICL 4,',M30 nic j . m 12TP31 jjypjgn *...
12TP316 TV

1... M31A N32 N1110 SinDip. Duct Silt-.- f 12TP316
-:DL '-'N132 N. A -Na Duct P.ipe 11 m 12TP31 - njfl . -

33 M2 N4 N1. Bin12TP316 1
.3 M 4-, -3 I , 4 :ie 7!R a 12TP316A -7, ia

35h N403J N41. 8Sin DiaDuct zPipI Beam 12TP316L ijI
A3 -N41 Wi. -Bn ine Bea 12TP316 I

37. M37* I & N42 N82Nn Dia Duct flboz Be-am 12TP316 Typca
. J i... -flL MJVldA - I N97 - . 12TP316

47 M42 I N4 N 8in Din Duct Pipe 12TP316
Nvm 36 N37: st-rBin Din -Duct 12TP316

N37 is- . 19AL2 3 in Din, Duct f ~ Peam 12TP316 Typial
47N L.~ Ij - - Bin ODin. Duct jij.. Beam K312TP316 vQIyl ..- zAL ~ ~ 5 NM96. Jl Jjj ttVWBin Dia-Duct P.Uipe. Be 2P1 Tizypical-

M5A' MmiL 1 Jfi .- vI -,Sin Di&DijDuct P.Ioe.... Beam 012TP3161

~~Q. ~ l N Iu.A £12A. Sin Din. Duct: ipe Bear; 12TP31 6[yia1t

RISA-3D Version 5.Od [CARISA5\untiilad.r3d] Page 11
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Member Primary Data (Continued)
LawC J.JintL .. Lo Lint Rtae(L SOaClSshanpe .fJeMg1tst ily.. .. alcdaL

Eit Dia.un 12TP316
&L . ..1. 84n DiaDuct Pi e - - Ram f12TP316-

3 JM59 N62 N90 8in Di.a Duct Pine liam 12TP316 Typical
.4h - M60 N63 .. N64 - Bin Di& Duct int m i2TP3161

55 - M61 N N - in Di fuct Pine Iam 2T31 ica
57 MfL -N§L N7 Bin DiN6 Duct Pine Beam 12TP316- TIMa

.58 -M64 ,---N671 !N68 77 77 Bin Dia. Duct' 2 Pire Ream 312TP316L s:rjun[Qa .v
LM65 1N6A N6 in Dia Duct Pe Beam I312TP316 .Tvnica

S M 47N7: N701 - Bin Dian Duct Pie; Beam K312TP316 T

.fl IMfiCZ JN~9 N11Q.. Y..t., n Din -Duct Pifle" hea 312TP316 M~' .c

.. i2 idfBZ. N12Z N±112 t Gi6n Din; Dudt Pi'- 2119l' am 312TP316 Tnia
64in0DipDuctt *Pine am 12P31 .TnCa

61 M7 N7rin Din Duct inp Beam K312TP316L TPical
7 M73 ZN . .4 Sin Din. Duct Pe Rm A12TP316 T

68 M74 N79 N31Bin Din Dirt PZioe 5 Beam ,312TP316 ~ pia

A9 M7..YL... N33L .N53~ - Bin Din. Duct Pige Bam A12TP316 Tvia
.02 j6 J NB N N4 - inDin Duct Ra ip. 12TP316

t . M77 N2 42 1in Di . Duct PIne G ua 12TP316
63 M7z .NA3 N49 ' Bin Di. DuctN0 - infr Gam 12TP316t Typical

743 zLM79; N104, JL. N62 8in Di.n Duct Pipe c m 12TP316 TvIaL

7 4 M 0 * 8 5 N 2' 
' D 'a D u t S9 i e e m A 12 T P 3 '6 v i a

65 M7? 1 N N?. Sin Dia Duct Pine Beam 12TP316 nical
76 M8a eN8 C N89 in Da:Dlct "im-1' Beam 312TP316 ... Lw1calL

77 .JM72 N7 8 N103 in Dia Duct 12TP311 TiaL
.Z& M85JA~. 2 N902 .. N91S. Bin Dia; Duct -' jfPin 5 Bdam .12TP316

7 73 N 1 N23 Bin Dia. Duct Pint Beam 12TP316t Tvnical
81. 1SM87, 2NS9 Z. N1 Sin Dia Duct l PiE B eam A312TP316L
81 M8 N3 N53 Bin Dia. Duct Pine Beam 12TP316t Typical

Z8?-M.N . N. . N81_ N34. 0 .. .. in DiA: Duct ... .Pi-..Beam 12TP316L Tvnicaf
71 M771I N82 N4 Sin Dia. Duct Poe Bm 12TP316L Typical

4 SMSZ U7 N? Birrflip Ducte ' ipine Ream 12TP316 imi yca
72 M93 N1D. N1D1 Bin Din Dud4 P9.. m 12TP316

A. M9 N814A- N851 Sin Dia.Duct . FInei Beam 12TP316L Typical
AZ7. M..JA9L N1DR NJ_ Sa.Dtuctr Pine Btam 12TP316

74 M97 .N1D7 ,N2 -- in Dia Duct Pine 12TP316L Mjypj-Jj
75_ R?& I N1A . N28 in Dia Duct pine Beam 12TP316L vnicaL

.02 M9 lN1t9 N1B8A Bin Di Duct _N8gI m 12TP316 L TvnicaI ±

it91. . 1 L119 Ni1A - Bin Dia. Duct PfnP Re m 12TP316L
77 M84A N81 Ni2 8in Dia. Duct Pir, Beam 12TP316L Tvnical

.14. .JW94 N114A' .. ±12+ - ... inS)Jag ludL E Nin..,. Ram I32TPJISN~nca
i42 jzMA N1-------4A inDitfluct -'Pine Beam 12TP316L Tvnical

9 Y&S9A N1Df N1Q7A Bin Dia Duct Pin eam 12TP31 i
-87 M87A N27A ILD Zin Dia. Duct Pine Beam K312TP316L Tyj cal

81 M8A N93B N 3A Bin Dia Duct Pint. Bneam A312TP316t ical
J2 M90A N53l9A N81- Sin Dia. Duct -P -Ti...Beam 12TP316L TypicaL

1 M29&1..A N110 11Dn Dia D~LUc. i _ea-rn 12TP316LE
1U1 M1 A N116 N51?A Sin Dia. Duct Pine Beam 2TP1cal

101 JM92? 1N91? N11 - inDia:Duct Pind6 _ean 12TP3161 Typicaj.
185 M93 N 113114 -in Dia. Duct Piue tam 12TP316t Tvyical

104 .M4 N1I .Nl5 ' 1 'inDia'Duct rn IPin& Brm A12TP31 j #3 Tvnical A

8s M- N1S N 8in Dia. Duct Pine 12TP316L Tvnical
1jflfiM1DhjN1 huIIN i27''"'in .... . 12TP316L 2Eti Li

107 M1a7 N11 7 j1 Sin Din. Duct Plf... Beam 12TP31 YDI0..
12I M1 is N N119 " Sin Di. :Duct 1 N Apine Beam 12TP316L Tvnical

19 M9A N1A N120B Qin Dia. Duct Pine Beam 12TP316L Typical
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Member Primary Data (Continued)
I .in .taeg.- -L - . ... atP31dll.. N121 11..-. . 1..'2n D-a: Duct i B 12TP31 -

M111 N122 N123 12in fp fluct Pipe BU Jfl12TP31
M N -2- Duct v .2e Beam 12TP316A

114 -Mt 113 JN124 N4125 _____ -. . 'tf flia Duct .12TP31
4 . 1 12 62i - . 1TP31

ta 2M115± N12 N±127 .2in DiaDuctt~ in~ Bum 12TP316.
1.12 . M J ilZ& N1 I . - lin Die Duct -e. Be- -12TP316

117 M117. A N128 e Beam K12TP316t iin
Il IM19 ~N130 itzI 131 I I Il2in Die: Duct I ie I Bem 2121P316Q Via

1N l1N;

Member Advanced Data
labhl a Release j Rpdeasq I nW1 jflhzeT = on Pysiy ThM Wnnadve

1 M1 Yes
LI? -;M2'tt 7, 77777777 Yes

3 M3 Yes 7
44 -'4M - - Yes

5 M5 Yes

7 M7 Yes

I Mg Yeq
1A - .M10 -- YeAqz...
11 M11 Yes
12 M1? YeS

1 13 Yes
14 N 14 - -'- Yes

71777 -777 Yes
16 -'Yes--

17 M17 Yes
1 M M18 Yes

9M19 Yes
? -2 M...j Yes -

?1 ME1 Yes

23 M?3 Yes
_24 M?4.: r7 Yes

25 25 Yes
n M2 7 -,Yes

2Zz M27 Ys
_ - .YeS

?9 M29 Yes
2 :'--M30Y- -

31 M31 Yes
j. M - - - - -
33 M33 Yes

134 M34 'Yes,1

-3L5 Yes--
37 M37 77Yes

-M41 Yes
39 M4? Yes

40 i 1M43 Y- _ _es;,-

41 M44 Yes
42 .M45,g -Yes

43 M46 Iea'444 S M49 An - Ses..

RISA-30 Version 5.0d C:\RISA5untified.r3dJ Page 13
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Member Advanced Data (Continued}

45 M50
46 -M51;1 - v-4- 7-7n c- F.y
47 M5? XXOXX Yes

'48 --IM54 - .- - Y.Yes:' .
49 M55 Yes
5L -. M56 - 4.2j - _Yes_

51 M57 65Yes

53 M59Yes
54 0 -M60 , - ,:I - .
55 1 M61 -ye56 - M62 --
57 M63 -7 7- Y
58.. M64 !y 7

59 M65Ye
: & M66 - : 1 - 1

61 M67 1Yes
-62. -- M6 -.. Yes

64- M70 -- .. Yes.
6L M71 Yes

67 M73 77 -7-7 -7 Y
-&L - M74 77 777
69 M75 ys
'70- M, 76' -' - '.I" yes-:
71 M77 -777777yp-

M78 - y77
_D M79 -777 Yes

-74 Mao -- Yes
75 M8? Yes

Mes
77 M84 Yes78 -m85 - -77

79 986 7 -Yes
80 A87 " -XXXOO - :fye

81 M88 Yes82 . flMg S > . j! ~..

84 M92 XXXXX_ y
85 M93 XXXO - Yes88. M9 7;hI2 s . ,'tIttiL I,
87 M96 Yes

- a- --20.... ... _ _0 _ _ .Xy~ -_
4A28L -M9 X -7 7-7JI1 M198 XXXOOO Yen

93' M93A V" 7777-77%7 YesI'77 777
91 779ff XXXCHO Yes

27 M97A Yes9- M QMM Yes

97 M97A Yes
118-- - - -- 7Y7:..

199 *M1A " oeoe: NE :Yes ya:

L= 7- M.'-Yes -O I M103. .2f2.._______ ..Yez _____

RISA-3L) Version 5.Cd [C:\RISA 5un]tiedfld] Page 14
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Member Advanced Data (Continued)
Sabe IRelease -. aJ 'Offsein iOfsefini TM wnly PhvsIcal TOM Inarcfh

104 -M104 -Yes '
1 M105 Yes

1AM M106 - - - - Yes ----
107 M4107 Yes

108 -- 'M108, -.- Yes
1AM M109 Yes

11777 *M10-Yes
1Il Mi Yes

11? M12 - -Yes
11 M113 Yes

141 M-14- - Yes - -i1i M1t --- Y
1171 M115 Yes

11 M117 Yes-

119 M119 Yes
12 Mi27 Yes -4 _ -:_

Basic Load Cases
R lDegalnion Catepy Xr- Yray .±O nP Qishri- Area furfac.

1 SELFWEIGHT D,3 1 18
NDAMPER WEIGHT' ; .. D . . .

-L SEISMIC X ELX 3 118-
% -'SEISMIC Z - .. r~~L ,3zjz .z' 18,B

5 TERMAL 17on jig,..~
!,- -'LIVE LOAD tr + " - --

7 FMI None
8 ;WINDXYc.d ' M IWLX - ..

WIND() WIZ
>10 -- SNOW n r . -- -

Load Combinations

Ij DEADLOAD Yes
2 DL+THERMAL+WV1N X Yes - l . -7.

_ DL+THERMAL+WIND(-X) Yes - L -. 5 - ... 4
_L DL+THERMAL+WINO+Z Yes tD zr i - - -

5 DL+THERMAL+WIND-Z) Yes DzL-
L 0L+SEISMIC+XK+Z)+T::. Yes L 1 _1_ E..

_,DL+SEISMIC(+X-Z:T... Yes E -

i DL+SEISMC-XX+Z)+T:.. Yes uL g 2LdZLZ E - F 7
1 DL+SEISMIC-XX-Z)+TH.. Yes- E1 5 -

Joint Loads and Enforced Displacements (BLC 5: THERMAL)
Joint I abel LDM Ofractinn Maann hifb lb-ft i rad thsAinI

. N88 7 240

3 j 1 439

5 NL 1 -43.9
6~~~~ - 1 -7777 ~ a n W -1

7 N101 LX31
8 N105B Na a u .. J± -z~ 300 -.

... .N104A L -300
10 N -108-1. a Mi v a x %15?2

RISA-3D Version 5.Od [C:\RISA5\unfitled.r3d] Page 15
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Joint Loads and Enforced Displacements (BLC 5: THERMAL) (Continued)
.Jnint I Abet 1 D Direction Mannih flnh In rad lh%^A2Ant

11 N107 L x -1525
it W-hO N1A . - Z- . L.....X - ' - .r-.'A.10- ~a md

13 N111 L X 17 __
14 N109 ; 7-= LZZZZ....- 'Xz.- ' ; ' --. . 1670 -.

15 N108A L X -1 _ _ _
316 -"" ---N110 "A- L mueeo :n~a15 Wee

17 N11A _ _ __L _ _X _ -1650

Member Point Loads (BLC 1: SELFWEIGHT)
*J4 d ahe Direction ManIh h I b-- LocationfIn.%1

T . M68 Y -76 3
'-M56 I j_ _ _ __ _ _ _ ___ __ ___ -_ _

3 M109 I Y -76 %50

Member Point Loads (BLC 3: SEISMIC X)
Memberiabel Direcion Mantudetb -I Locationin.%

1 M56 X~. I 38 351865
-2 M68 t'i-.-jZZU;Z-iJ..!, 8
3 1 M109 I j 38 %50

Member Point Loads (BLC 4: SEISMIC 2)
Member tabet DirecTIon Manitude Locationfin.%V M8 z 38 j

M 38!*o5- jfl* . . ,~- "r~i" ,, .- - -35.1865"3 M109 1 z 38 %50

Member Distributed Loads (BLC 1 : SELFW EIGHT)
Member I abel Direction Sart Manflmudenbft deaL End.Maniu.. start Ia fio.,End iaLtion.

1 M 1 Y-19.42 -19.42 0 0

3 M3 Y -19.42 -19.42 0 0
4 - .4 Y A. tn19.42 19.42 40. .t.
5 MS -13.7 -fl 7 0 Q.-

61 '3 YinN N37? - 13-7?v- "AO
7.. MY -1372 -0 0

M8Y deo 237 37020 M
9 M9 Y -15 1 0 0 1

10 - MIO Y .- *.. . M..:ctPA37<ii 1 7?l~lJ N O 0

II M11 Y -13.72 -13721 0
172 ' M12 Y .M..-'t, # :M-13 7? K M~' 13-72?' j O O

13 M13 Y -13.72 -13-72 0 r

14 - M14 _Ye: V>? 1372. L13-72', 0-n
15 M15 Y "2-1172 - 13. L 4

16, Mo M W 1,7 17 0%A
17 M1 7 Y -1372 -13.72 L O

M1 Y-13.72 .433j ..-..- ,13 : 0 .4.
19 M119 Y . -13, 2 -13 72 0-

?20 M? . Y td13.72 2-'13-72 SS"
?1 M21 -13,72 -A3.72 0 0

?3M23 Y -1.7 -13.72 1 0
2.4-- M24 Y:'N ' .1377f-132 7? -O'WO

M25 Y -13,7? -13 7?372
?M Y;-M261.7. W 4t.0):. .aY

27 M27 I Y 1 -13.72 -13.72 0 1 0 -

RISA-3D Version 5.Od (C:\RISA5\untiUed.r3dl Page 16
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Member Distributed Loads (BLC 1 ; SELFWEIGHT) (Continued)
Membe rtabel Direction Start Maanitdllbtdeal E aitu Start Locafl...Fnd Location

25- M28 -Y 13.72' A3-7'2 -- .. -. L i u -
-29- M29 -13.72 -13.72 0 0

3D - M30: _ _ _ .13.72... -13.72u - 0 - . O ..
31 M31 Y -13.72 .- 1372 0 0

32. - -M322 . z - : - -13.72 ' '-13.72 2 .. Z 0QJ
33 M33 Y -1372 -1372 0

:34. - - M34 -; g:<Y -13.72.:'S. 3.72'L Z .. t4 : -0
35 M35 Y -13.72 -1.72 0 0

36 1 M36. Y -13.72 -z13 -7 0 zZL.
37 M37 Y 13-72 -13.7 - 0 0

38- -. M41". . r>: Y t :!-13.72 -17-13.72 0 J0
3g M42 Y -13.72 -13.72 0 0
40 . cM43.' a Y -1372 A 7? 0 0.!.-
41 M44 Y -13.72 -13272 0 0

M45«*"' K Y 13.72 - 13.72 zs 0 Z 0 LLi

43 M46 Y.7-13 7_ _ 0
.44 M49,, - 13.72 t.3 72. 4 :c7

45 M2 13 72 0 9
46 M::Y 1.7-- 720 - 0,
47 M52 Y -44 -44 0
4 - M.4 . I s Y 1, -.A, 13.72. :13 .

49 M55 Y -1372 -1372 0 0
50 - M56Y -.. 19.42 A2 .

51 M57 Y -19.42 -9 42 1 0
5? M58 Y1.?437

53 M59 Y -13.72 -13.72 0 0
45-- M60 Y -72 1 3 72  13 7j-

S O M61 Y -13.72 -1312 1 0 0
"56 - M62 - Y - - -13.72 ',::3.. 7 v -1 0 . ..

57 M63 Y -13.72 -132 1 0
S %-4 Y -. 3 7.21n -1- 0 0 '
59 M65 Y -13.72 -13.72 1 0 0

1-0-- - -13.72 7J2 : z1 0.
61 M67 Y -13,72 - 137 0 0

£2- M68 Yf r .l19.42 e t4A .

63 M69 Y -19.42 -19 470 0
64 M70 Y -13.72 s £ 12'. 7
65 M71 Y -13?72 0 0

6 JM72 Y.1, o13.7. .j. M-1l7.
67 M73 -13-72 - 012.7..

.. . M74 .Y; -13.72 -1Z2 0 i
&L M75 Y313.72 -1lfl 0 0

70 M76-t-___f______ YI*. --1372A !" L.:13172 -1 Zz z 0
71 M77 1372 -1372 1 0 0

722 - .M78. YS 037?.. - ?
73 M79Y -15 -10 Q 0

74 M82 -13213.72 0 1

77 4Y -13.72 -32 7 0 0

79 M86 Y -1372 -1f 7? 0 0

81 Mad Y -13-7 -:172 0 0
£2 M2hZI9OIii.... Y.\t c 9 .13.7? .<1372 2?h L

83M91 Y 44-44 0 0
A4 M92 -. VY -44 ;4 -- 0--.O n M93 Y44-44 - Q

-* M95 Y. 1942 ' 19-42 f Z

RISA-3D Version 5.Od [C:\RISA5\untitled.r3dJ
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Member Distributed Loas(L EFEGT (otne)

RISA-3D Version 5.0d [C:\RISA5\untitied.r3d] Page 18
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Member ahe, Direcion taarLMaIIM Fnd Mannhk .art noabn Focain

87 M96 Y -11372 -13.72 0 2
-- M97 Y m IT- 13.2 L.;; 0

89 M98 Y -15 -15 0 0
S- M99 Y -- ,- - ---- 15 .- z:

91 MWOO Y -15 -1 0

93 M93A Y -19.42 -19.42 1 Q
94 M94 - Y-.3.72 13.72 0 0
95 M95A Y -142 -14.2 0 0 1
96 - M119 - Y - 2474 -24.74 , * .>

,7M1 -24,74 -44. 0 .
97 ' M118 Y - --- 24.74 -24.74 1 0 0

99 M116 Y -24.74 -24,74 0 0
1-. Mi1S - - Y - ^.24:74 24742.n.

loll M114 Y -24.74 . 74i. Q .
102 - M113 y- . - . 24.74 -.24. 74u .....

103 M112 Y -2474 -24.74 0 0
1041 -;M111 Y 24.74 '4. 24.747 __

iM11 Y -24.74 Y-2 -24.74 0 0
1t M1A Y- 19.42 * 19.42 -f.

1081 M108 Y 19.42 1.2107 M107 Y -19.42 -19.A2 0 0
j081l- t <MI0e .. :". -92 :,fl. DLLL

i1Y - M104 -942
111 M103 Y -19.42 -19.42 0 0
12. I. M102 -.. Y '9.42 , Ag.42j ;;! 0

11i M10A Y -19.42 -19.42 D f
1141 - MIOCA - Y - 19.42 M102 zr A2 z ,f 0 -

1jj M99A Y -1942 -19.2 0 0
116 M98A -. Y --- , 1942- . "I. e ... 0

117 M97A Y -19.42 -9. 0 1 0
118 1 MA 19.4 -192.4? <.91 4j *Q.

Member Distributed Loads (BLC 3: SEISMIC X)
hember I nbet Dir on Start M gcnib dsdtgL_ nd Magnftu. Start Locaio... Fnd L a fion.

I1 M5? x ?? ?2 0 022l fl0
IM91 'A f-?~tawn **?? >.zo*

3 M9? x 22 22l. 0

59.71 0 0
6M? X 7'9
7 M3 X9.71 9.71 0 0

9 Mill x 12.37 12.37 10 0
012.37 JA 12.37 0 .. 0 .

I1I M113 x1,3 12.37 0 0
12 1., M114 -X 12;37V ,,12.37- '2ii2 0
13 M11 miix 12.37 1.37 0

P141- M115 2x -137e ' 177 NR OM
________ _______12 17 23 .15 M116 X _1237 ,12.37 0

'16 , M117 Xa 1.71.7 2 : N M

1I M118 x 12.7 .37 0,,,, 0
1M19 X 2-r":2-37 " - .37::L .s 20 # fl 'i

19 M56 X71 971 0
Q-? -- -7 X iMo N 71 n971 0 z:'

-2L M68 x 9.71 9.71 10 0
?W 69 - . X. -% _ : , 9.71m W ,7 " e -.w m

? 3 M95 x 9.71 9 7' 0
-243 M M9MAi: - " 97 ml 9.1
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Member Distributed Loads (BLC 3: SEISMICX) (Continued)
Member [ Oh Direction Star Maonih lbf d F M n a.ta iiL .nd iLoecaa

25 M96A 971 29-71 0 0
62f M97A - X -971 9.71____ _- __ _

2 M98A X 9.71 9.71 0 0
-28 -- ,M99A 1 2-- X 9.71 -9.71 e s t -0 i

MIOOA x 9.71 971 0 1
-ft - M101A X9.71 9-71r z 0 f tz-.

31 M102 X 9.71 .1 0 0
3?L - M1.: 0~3 X __ _ _ _9.71' -9.1w2 *.O~

33 M104 X 971 9.71 0 0
.gM4 M106 .71 9-.71 s D: -:&$ flw

MU- M105 x 9-71 9 71 g0 p
36 iM1p7 --~$~ - X - - t....1......n~

37 .71 £ 71 . <

38 X M9 - X7.5 7 0 iMga o
39 M83 -X7 7.5 0 0
40 M9 X- 5 - 75 0 - : 03
41 Mica 9 75 7,5 0 0

4?x M11 5 7 0 .mwo M
43 M101 x 7-5 7.5 0 0

-44 M:195A - - 871 2 .1 1 : .
45 M5 x 6,86 SD8 0 0
46,- .: xl X - -68 - -- O

47 M7 xM'._ _ 686 0 0
A4S Ma - ... t ;- 0668 a2 -n a
49 K1o 6. .86 f ,0 0
,so m11i-l.;666OM n~o

51 M1? x 6.86 & 86 0 0

53 M14 x 6.86 6j86 f0
4IML - ? 6.86 686-; 0

55 M16 . .86 6-86 0 0
543 a _ _ ___M17 aX - 86.0 '4 0 f -.
571A X _.86 M18 .0 0

I25i8 <'.M23 _____;___ 68 .-. 8jffl 0f~~ i0 L90M2 _;_____686 ~,-A------- -
59 M20 x 6.86 6.86 o 0

60 M21 X'-86ri i 6' j f : 0 2 f-j

61 7777M2? 66 jflj 0 0

64M?4 X 6 86, ! _;8

65 xM31' 6.86 6.86 0 0
6_ _ _7 X - 6.86. 686 0 ______

67 M28 x 6.86 0 0
&L - M?1 29 - X 6-86 - o L;.w, 7.uL.
69 M3 x 6,86 696 0 0
701 '. G::,M31 1, z'-, L :-O

7L "2? AM 6.86 1 a 0 0

73 'A'4 x 0. .0
!4 M35 _ - __ _ _86_ _ 0

36 MA. 6.86 6-86 0 0
. M47 6.-8M6 Q x -1 '0 71 o

77 94 .06 86 0 0
78 M4? X .86 6 8 i0

79 M43 X .06,66 0 0
80 .n~s 44 a 686 M

a, 64 .86 6.86 0
e6? oMM6d e9 X6.86 ! N66N 00

B3I M49 X E 6,86 6-86 0
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Member Distributed Loads (BLC 3: SEISMIC X) (Continued)
Member Label Direction Strt Maanihdelbff deal MannlL. Startio., i~ne ai ±

d5 M51 r 686 1tf O o
- M- 54 - - - 6.6 86 0-* . Ae

Z7; M55 X 686 fl D t

9 d M59 X 686 iDL C
j9 M6.L0 - - 6.86! - L £.86L £

91 M61 x 6.86 6.86 0 L
g2: %2 - . 6.86 -

93 M63 6.86 6.86 0 0
94 ---1 -686 - 6 86 4.,) -:i -

95 M65 X 6.86 6.8 0 0

97 M67 X 6,86 6-86 0 0
... .. .. .M72 -- 6.86 6 86 --

99 M71 x 6.86 686 0 0

.01 Ms 6-86 686 0 0 1l= M7- - _6 ',_0 0. . .
6M74 - 7 6.86 fl- j fl

03. M75 x 6.86 6j6j 0 0
10n4 I %M7Q ,a ox-68eaa*
1051 M77 6 .86 6.86 -- 0 A

107 79 X6.86 6 6 0 0
60 a G ~ X68 nas 86 - 01071 M79 X 6.86 0 0

1 ng 4 - -X 6M8 an ... . &86 0 -0

111 M85 x 6.86 . l. 0 0
11? ~-M88-'-'a> - +-X - 686-".- 8t6 ... zJ...-

110 M1X 6.86 6 8ot 0
114 M90- 6.86 0 -J2I -. M97', !-X~ R86~ 688 -

144 _______.-,..,6_86 6-86.~j... S.._O .. . o..t...1 M96 x .86 6.86 0 0
116 M97 $t x 86 6 86 ... *,
1171 M94 x 6. 86 0 0

-118 6a8 =1 77 0o . 0. 4

Member Distributed Loads (BLC 4: SEISMIC Z)
M mber I abM Direction Start MaAtud e gL E nd Ma Start N tiL.. FDd Locagon.

M52 Z 22?? ___ _ ? 0 0 -
-2 ~ - - e,-IZ 22 Q.o "0<:

3 1 9Q 7 22 ?2 0 0
A4 -. ,;M93 7 %?stx. ?7

.5 1 M 159 -Z 1237 12.37 0 0
6 O M1 23" 12:37. 0 0:":
7 M17 121237 12.37 0 0
:!..8 a C" M.1.16 Z- 1 t.12.37' 12.37 :0 0.

, M115 12??37 12.37 0 0

Ml77, -,-,-12.37_ r .i tr-Z -. . .-. S

-i 1 ,' M 1 12'712.37 --A 0'
11Milo 12.37 1?.37 1 0 0

12 1 M11777 ., -12.37 9A 1 37 i;;-0:
13 1M112 Z12.37 - 1?.37 0 0

A1j&*.M4 k~Sz*&C"v A971 .. 71.. .is ... 0Z
13777777MM i,113 ': 72-- 12,7 j,."

17 M' .197

19 _M_6 Z_71 9.71 .71 0
'2 -_ ___ __7___9.71 .; . .71 . -. .

-21 M68 79.71 9 71
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Member Distributed Loads (BLC 4: SEISMIC Z) (Continued)
Member I [boj Dlrectkmn Start MaonltudelbmW E n LMciaI.. Socinnk...Endtgeann ..

? -M69 ' 7 :971 9 71 --... . t.- Q
23 M95 Z 9.71 9.71 0 0

24 - M93A Z -9 - -7.71 rz 0^. --.....
25 M108 z 971 9.71 0 0
2L ' M107 - - Z -. 9.71 - a.71 : ' K-J.'

27 M1062 9.71 9.71 0 0
28, :,: M105 2 .19.71 0a a m

29 M104 7 9.71 9.71 f
30 _ - M103 . -. 9.71 9.71 'A

31 M102 Z 971 9.71 0 0
: a:' M01A z -7 7"97.; L A71 -. 9.71 0

M100A z 9.71 9.71 0 .
It.-....MQ9A -7-z -9.71 971:P Z~ *zSi Z klL'

M98A 7 971 9.71 0
.3.s--M 77 - 79.71 971 l.._ _ _

37 M96A 7 9.71 1.7 0 0
38 - M9 7 r.. 1.5_ :

M83 75 75 0 0
404 M9 Z 75 7'tj. p

411 M99 7 7,5 7,5 0 0
4A MOO 7 7.5 -7

43 M101 7 75 7.5 0 f
4 - M95A - 71 7.10 9j t

45 MS 7 6.86 6.86 0 0
46M7 -68e6 z6w86 .

47 M7 z 686 686 0 0
48 - M8 7 8 66 : 0- 0

49 M110 686 0 0
50 Ml 1 7 - 686, s 6-86: ."0n

51 M12 z686& 686 1 0 0
5?- M13 -7 1 286 - C.- 0 10
53 M14 z 86 &.86 10 0
54r .M 1 7. 686 . B6 86a 0

55 M16 68 86 0 0
J5L MLZU17 ~J '. > :r.v 7 *-6.86- -- L... 0

57 MIS Z 686 685 0 0
.-. M1 7. 68... f z '7 86
59 M20 7 Jf

'> M23 7 686 i .0 0
61 z_? 7 686 6J6 0 f

6? -___-2_ _ - 686 -. -
63M24 7 M.4 6 .86 0 ..

64 M25 686 6L86 -
M29 '5"7 686 M26 i 0
M? __________ _ 686 .. . ._8

67 M32 6.86 686.
68M29 75 :686 6 0

69 M30 686 j6j86 0 0
7i M31 - 6 MW % .. .... -.9'

71M 7 686 A 6
?- M33 T.7 ± '4 W :Z4Q :4 1A:

73 M34 76.86 6.86 n 0
74, M35 7, ; 777 T77-464 0 oml
75 M36 8 0 0 .

376M37 7 8L= 68 :*:0 IO
77M41 7 .8,686 0 0 ..

-78 M4? -7, 46 j 6 86 j,, noa A OG
79 1 M43 7 6.86 6.8 0 0, .

80 . -'* 44 - 7>, 86 ' M44 -686' 22 > 2 C'
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Page 22 of 94

Member Distributed Loads (BLC 4: SEISMIC Z) (Continued)
Member I abel Direction Start Manitude"JW Fnd MaoNtu.. r Lor n n

al I M45 Z 0
W,... ,.M46 - 6.86 - f ,. -..

-ALM49 7 6 _____86 0 0
84 M50.--. - - 6.86 m . ut Sz

85 M51 7 6-86 686 0
.6 M54"- '', r ,Z - 6.86 6.86 z-0

87 M55 -7 & .6 6886 0 0

89 M59 6.86 696 0 0
1 M61 686 :--:&86 -'-1 0 0

93M6 6866.86 0 0
M63 Z 7 -

95 M _ - 6,86 686 0 0
M66 ",6.86
M7 7 6.86 j ,,0, f

,M71 7 ' 6.86 6 86 0 0
M1001 u! M7?___ ;6,86 6 86 n -

lol M73 8686 0
102 MM74>-;Z-- 6-86 -. 26.86., -

103 M75 z 6.86 6-86 0 0
104 1:- --- M76 ---... . 686 8 .
105 M77 6.86 6.86 0 0

"106 1 M78' - 7 - .- 686 :16.86 - 0
107 M79 6.86 - JL . 0 0
1081 k M-- 686. ..-.&. 0

M8? 686 6 fl.. 0
1 9 M84 7 6 86 6 86 0 0-

110 M85 1. 6 86 . 0117~ f-am86 ,86 6 86
111 1 M88 z 686 686 0 0

114 e 'M90 7 686 - 6 .

14f MW9,v. 2 .4 - '688 ' 686 ;O -.M96 6.86 j8 Q
.116 M E 97 f.8 6.86 :
1171 . M94 6.86 68

11 -- rG'M87- 7' :6 ' zL f

Member Distributed Loads fBLC 5: THERMAL)
Member t -hMb Firax, nn Iart Mapnihdeflbhft deoL Enr MaanL stat Locati. Find±QL on

1M 900 0 Q f
? . M2 ,T . . p - 900 o

3M3 900 jQQ0 0
wi4 ,M4 go 900 : O.:-

MS95 T 900 0QQ fl 0

L Mi 900 g900 00'. :.7 T W o Z; ; . -;,0 V
-, to T v:Y t~fC~9gp: 3w': j=9j.....

M9 T 900 000 0 0
10 M10 TO 224 82

1 Mil1 825 0?5 - L
1.Z M1 T?.-5 :- j8?5 j0

3Ml3. 750 75L 0 0
E1 M1 - T 750 i;, 1 075-L0 0

15 MIr T 750 7 0
16M1 T470m o 750 -1'- 0

17 Ml7 T 750 7lQ
-. M18 tT75Q 750
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Member Distributed Loads (BLC 5: THERMAL) (Continued)
MnkelakeL flrection jabgi k adManueflb/ft deqL End Magnik $taii S satt. Fld gnjM

19 M19 T 750 750 0 1 t
&M20 -'......T.Tfl 75: - '67 0 vfl
M21 675 675 0 0

-? -M? -T. 675 ' 0675 -.
_a M23 T 600 600 0 0
4 - M24 - -T . '-T* 600 . ".01,11- L .~
?5 M25 T 600 600 0 0

?8 -- M?....--M- - ' -- - 450 -. 55 0 n-.

29 M29 T 5?5 525 0 0
30 - ,M30 - T450 *-' . 450 Zz.

31 M31 T 450 0 0
.M3?, T600;. - ,6000 .

33 M33 T 300 300 11 0
44 #3MO Na 300 0- -

M35 T 300 300 0 0
-36 .- - M36 T300" 3

. 7 M37 T 300 300 0 0
39 M41 22 ??-" 1?0

zw M42 T 300 300 1 0 0
40 M4 0 a 4 300 -. 1 .

41 M44 _300 WO 1 0 0
M45 '**.*. . . . .Tt'cx&. ___70_ 300;_ 300 -

43 M46 T 300 10z 0 0
M49 T. ??5: , ??J.

45 M50 T ?25 fj 0 0a :46 MS1 - T 't .. 0450t:
47 M52 T 22_ _ 225 0 0
48 M54 T.??5 ??s 0-
49 M55 T225 225 0 0
-o M56 T>0 900 0 0

51 M57 T900 900 n n
52. . . e.. -''-225 ?'a 1225 1 -ft ,0-

53 M59 T ?5 ?25 1 0 0
54 M60 T? 225 ? 5

55 M61 T 225 ??. 0 0
-0- M6? To2 ?
57 M63 T?5 225 0 0

58 M64. -T?? ?
59. "25 225??

60 M66 T 225 r,0 0
61 M67 255 0 0

63 M69 T 90 900 __ 0
AL4 "''M70 T ??"-5______ ??-:<j zziz

65 M71 2...5 0
6 "''M72 ?' ' Tt675L 675'- -i a

67M73 600 A00 0 0
AL M74 7 - .' TUcm . 450 -4 ;A50 7! 770 -. 77

69 M77375 0
706 - iA :::3 300% M

-7-11 M77 225 22. 0 0
7?M78 - .', .T ,W M~ f??. ? ... 0LZ -<'oA'.

73 M79 T 750 750 .&.
li4 Me 2T .. t . .50 750

75 M8?55 T W55 0 W
76 Mp3 - I. ' -c %8?5 ?r ' Z Q0 Z zn .
77 1 M84 I T k"s825 2L. .L... &825 M
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Page 24 of 94

Member Distributed Loads (BLC 5: THERMAL) (Continued)
MMmbr Lahl Direction -Sta MaIhdxlebfl deal F

7A M85 T - - 2 ................................ L.... 225 225 0j--
79 MS6 T 225 ??5 0 n

-- M87 .......... T -... -900 go 90 . 0-..... ;,z
81 M88 T 225 ??5 0

At .. "M92: 0fC" .-*t.' .A --'2-~83 M91 T ??5 jj 0 0
84-M T 225 ? - 0; ..
85 M93 T ??5 ??5 0 0
86 MS 0 0 a-n

,97 M94 T 82 5 n
..............- .T.-. -. :N, 9 900t

ag M95A T 025 W25 0 0
90 CT 96 - 0 - 900 0'-M

Q1 M96A T 102 0
SM97 T~ 6745p 6745f 0

M97A 102 10? 0 0
94L, -- L4 675 375m 4

-0 0Ma9.T102
"T MO T.450 450,- Zz

17 M99A 102 102 0 0
98Mloo T- 40450 0

.MINA T 102 1021 0 0
Ann M11T6 600.0'

1n1 M1D1A 102 102 0 0
10?MUM .. .. ! .102t 102 0 'o
1031 M103_T 102 0 0

-1041Mi4 T 102 102 :.0 0-
105 M105 T 102 102 0 0
i% D106 9L"' 10 0 -0g
1071 M107 T 12 102 0 0
108.M1O8. - -:T ;-102 1:j.& 4z . . I
091 M109 T 102 102 1 0

110 Milo T - 102 -10 - 1
M1 T 102 102 f 0

12. %:,7;;M112 J02 ' A .102 !j j -.
113 M 13 102 12? 0 0

114 M114 T 1p... > .
115 M115 T 102 J1j 0 0

11f- M116 102 1n". $'0 ' fl
17 M117 T 1_? 1_7 0
118 1 4 .MJ18 I - 1i 1?a40%3
119 M119 I T 102 1 102 1 0 0

Member Distributed Loads (BLC 8 : WIND 0) -
Member Label Direction Start Maanihrebft.bdeal End MaaNtu. Stad ocato. Fnd Location.

~Ml __ _ __ _ _ 9
1 M1 X w9 79 7 0 E

3 3X9J 91 0 0
44E *4M4 Me EX 4 4:. * 0

5MS x 126 12.6 0 0

7M 126 16 0 0
8 -- :n:M8E 444 + Xe 217 1?6 '6 x a -a

9 Mg x 12.6 1Z 6 o 01 M1v.A MS' -. .x " 7.y 1 ?1 .Q7'% Z12.L.Son ezt'

M1 12.6 126 0 0
A? M13, : _- ___X 26 .. 26i L.:
13 1M13 x 1. 12.6 0 0
-14 + .M14 i .:, ,rrl X M2. "!. "12. 6 4 -

RISA-3D Version 5.0d [C:\RISA5\unUtied.r3dl Page 24
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BMember Distributed Loads (BLOC 8 :WIND (X) (Continued)

3 Rev I Page 25 of 94

I

RISA-3D Version 5.Od [C:\RISA5\untitded.r3dJ
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Page 25

Member I Ofe n QrMh del .art Lcafti. Fnd Lonadon.
15 M15 X 12.6 12.6 0 11

-16M M16. x - - 12.6 12.
17 M34 X 2 12.6 0

18J M35 - X - --- - .- 12.6 17:o I VZ L
19 M36 x12 1?6 0 0

.2 - . M37 - -- X-:2.-12.6% - 03
21 M41 X 12.6 12.6 0 0

7. M42 -- - -.- X-12.6 1?_
23 M43 X 12.6 126 0 0
24 - M44 - .- v ea126C1z.z jW6::.

25 M45 x 126 16 0 0M40 ,5,:

27 M49 X 12.6 0
IL.--.MSh - ~ -. 12,6 % Si:f1z z6 z t0.....

-z9- M59 x 12.6 1?6 0 0
30 %Mf) -X 12, ea e? aeo 440

3 E. M6t X.12.6 126 1 0

31 M63 _ x_12,_17._. _

335 Mx 12.6 126 034 M6 - X.126 --19-X. 12 j

37 70x 12.rl 1?26
M65 - ?

3 1M66- 12.6

7 * M70 x 12.6 126 1 0 039 M77 2.2 1?6 1e 0 0
41 M83x 12 6 0 0

7 M84 .. X -126 -12-6- z-0 0
43 M85 x 12.6 12.6 0

44M86 X t?. 12 16%
45 mA x 12.6 12.6 0

'. M91 -, -- X -. J - -'12.6 mz1?JZ~ j * j
AL MX . 12.6 J1? n. .

48 - tM95 0
-49 M69 x 9.7 9 7 0

50 - M57 - - X' 7. -t97 _ 4
M M96 x 12.6 1?6 0

WM4 MI 20 X ij&6 1 l?:.1 6 zru l4  
i

55 Mill x 1? _ 1? 6 n 0
57 M113 X 1. 18.6 0 0... M11 -. W X' -2' 18C. # 86 0 9 M

W114 18-6' 16
58 M114 - - X -t. aa %8.r T404 4 a

59 M115 X 18.6 18.6 0 0

61 Mx 18.6 10 j
M62 -M 118 18.6'18 r

63 M119X 18.6 18.6 0
64 M96A X * -;97 . 1.7 .:..ZaZ..-..

M97A x9 7 9.7 0
6F- M98A x 4'Na 49 7-'4 J: 4 O

67 M9Ax 9.7 ZL- 0L,

69 MiX 9.7 102 7 0 0

71 M104 x 9.7 97 0 .
2? M105 .'X 9.7 0 97 J t O.

73 M106 9.7 93 0 .a --
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Attachment 4
DMJM HAN

Calculation #145579-B-CA-023 Rev 1
DBYS OGTS Bypass

Page 26 of 94

Member Distributed Loads (BLC 8: WIND X) (Continued)
Member I beI Directon Start Maonijdelb/fl deal En Al . Smainea.

-74 -M107 X - - 97 - - -. 7:
751 108 1x 1 9L7 1 9.7 0 1 0

1:76 Ja- M109 L - - 4 X 19.7 N 9.7 - 1 0 u

Member Distributed Loads (MLC 9 : WIND (M) -
Member Label Direction Start Maanihjdctlbfldeal nd Magniht. Start d eata. .. nr Loainor

M 1 7 9.7 .7
a?"M -:1 !?-7 7 * '4 * =0

3 M3 97 0 0

5 - 12.6 1?.6 0 0
- ae->-M6 -. 7 12 6

7 M15 7 126 12.6 0 0
.r.c.-M16 I 126 ,' 12.6

9M17 7 1?-6 12.6 1 0 0
_M1 - 12.6 1 -f

11 M19 Z 126 12. 0 0
1 . .... M20 Z '1?26 1?.12 6 . .40.. .

13 M21 Z 126 12.6 1 r
14 Mv 7 -j ' 7I - 216 -1

15 M23 7 126 1?-6 0 0
1t - M24 - .?6 6 -a Z:Q&

17 Mz 12 -26 0 1
M27-7 12 6 1Z. . N . .L.L

19 M?8 7 126 1.6 0
'0 M? 7. 1.. , ?; 0.. .

21 M30 7 126 1j.. 0 0
?? M31 7 126 - ? W s ZLCWL

23 M33 7 126 12.6 1 0 0
74lh M346 - 7 12 6 14A2.L. wa_ 5 12.

25 M35 7 1.6 1 1,. 0 0
76M36 7 ?6 .1? r- , I O '' t,, --,

-27 M3z 12-6 1?.6 1 0 0
?8' M42 7 1_ _1.6_ 11 .0,:

29 M43 126 12.6 1 0 0
30 -M44 7161.

31 M45 7 126 1?.6 40 0
v M o M46 2- 6 1?. o:t

a2-J M52 126 1 1L 0 0
34,' .: M60 72 12 6 ?L. Lff MG1 Z 12-6 12.6 0 0

37 M63 126 12.6 L .

43 L .:ZM4 -6 Y.0
39 M65 7 126 12.6 0 0

'4L .,;>1M66T .. 7 - '12.6 ? m-fl .. LS ZnzoZt ML" 12.6 12;& SL 1M ,.t-1
41 M771 1?.6 0 0

4L M70 7 1.* 7.6 0 0
44 M72 0 12.6 12.j j p
45 M73 7 126 126AL AVrA74:m _________ ">Y~12.6-tW: : tfi £26 M74%d 744e W?61

47 M75 7 126 4ZL. 0 0
M76 .rM 72.0.7U% Mc Yf1?6.%L..± 1?.D6 ztLs z<...

49 M76 7 12.6 12.L 0

49M79 Z 126 12.6 0 0
5? M80.: J12 6l .--:. -,-?& - "?, 0

53 8?7 7 11?9 R n
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Page 27 of 94

Member Distributed Loads (BLC 9: WIND aM) (Continued)
Mmbear I abel Direclnn Stan MaoniAxtebflt deal End Macnitr... Sart Loctia . Fnd j nemin.

- M? -7 9 ui" J- M87 .rC-

M5 M7 12.6 12.6 0 0

57 M93 616 0, . C L
18..M56 - . . .- ;4p7: 9 . A :.::...m * .-

.2 M69 9.7 9-7 0
S 2 iM57 7 27 ... ... -, t 9. 7,j .. s M 0Q

61M96 7 126 1J6 0 g
6? M07 71 ?6oaoa 9s
63 InS 7 12-6 1?6 10 .

- M3 12.6 2.6 0 1:
65 M0 7 12.6 1?.6 0

.6 - M51 '.7 '126 -. , . 1Y 2%L .±Lw. D.Za
67 M99 7 12.6 17l . L

68 Ml0O - - 77. .t?.. t 22 zZ M/O 4
69 _ _ _ _ 7 12 6 i .-. o.
70- M -A-- -Q- --9.7 97 0 1:74
71 M177 2 9.7 0 07? M1 :. .:'.9c r.T f- 974 .t N A

73 M1 __7 9.7 9-7 .. 0 0
-74-M104 -. . Z 9.7. <7 ';0 0

75 M103 7 9.7 9-7 0 0
76 7,, M10? -,7- -. 0 76"a
77 M101A 7 9.7 9.7 0 0
78 ad2M100A--- -g'7 7 A,' b7 '
79M99A z.7 97 j7 0 0

80 -M98A Z 9.7 - 9.7 ', ZLiQ'Z :z3
al M97A 7 9.7 97 0 0

82 . o-:4 &96A 7979 0.;-'
_3 Mill - 7 18.6 18 6 0 -

.. 4Pa:L.M112. - -7 - 18. ...... S2.L.:ZA .
__7 0

85M113 7 18S6 18.6
ZM114 7- - 18.6 18 . S i
M115 7 .8 6 18.6 0 &

f. M 1l6 - - :7 - . 18.6 10.
899177 1 1 0Ml 17I_ _ _ _ _ _ _ 8 ,.B ..... ......S....... .... &......

90 i 17 I . 18. 6 -- i8 I J 6 f .U 0

Envelope Joint Reactions
kInt - l 7 ThL k I jr M L M 4 Flh-fll

I 2N1 max .5L. . .A L. 11 8,J2. Si 315'426_. A9 212.4 ± 800.242 6

3l Ma -6643AL 1 26tf035 60~2949 _9 0t ±L W ±-L

A16265 '1,6 L -3;o -J
j 3 27 33.39 § 62 02,

ax -IJAZZ Z 643.479 0 LL 0 ±L
7 .Y. N1~ p 42 29-)4 5 76.227 j 0&--~ 1 I 0 ;:a i

-9- 1W- rflg 7225821 .13R~f tO 6.. n 0 S
.j0 1: mitt.< .062.654 1D :6f5B4 9t:1 t. J ::~(,4*Jj .. Ow. ~

-W13axf27.362 & 0,8 _- _ 0 -- ± 1 ± I- I
i a li -8 7 8 _ __- '9 , 5 & 0 - - r - &I- 0l

N1 a 0 J 21.p 939.19 _

j 2 Apx 0 1 5847 _L31,4 - 0.-±--± ~ ~ -
mi 46 :L-3669 A ± _ _ _

5566 ~ 11.536 -. 2-773 5
-44- n* 4
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Calculation #145579-B-CA-023 Rev 1
DBVS OGTS Bypass .

Page 28 of 94

Envelope Joint Reactions (Continued)

_t 2L ... M ..L.. ± 15i4,597 r, i±di .1 x; 01 1 _______ I.1-
-2L' m:Anr. -%P%..1111 ..±i"-1-1154 ±97 1411 A] G 1 ~z ...0.. 1;1.. .. ; 1

-23 26 ma 305253 LJfZL737 6621 5 S1 A 1 - 1 1t
-24 Lww-1; vin -24.25 G_ 522 -66-233A>'" O I.. o0-j. -,.,1 . ,".

2L6 - :,; -I' min -z lz Ifli-l z'11-±I 63391.6688 2Irt:o.Il 0.i)

-2v'r min -0 . 1117.9: -iafs zt J m z . .....t
itZ Mf, 0a 08.4 ± f1 9240704 n t L 0 A 1.z

30 ,r7! .... min z .z a3L I 2_~ 26.6 jJ 'j , t;~~ ;

IL~~ ~ ~~ !':m :..wnuA L ± MZ 72f L.L ~ L 4iii t. J.,-.

-35 N50l nas 54 t2 _2_ t 2113 A_ .. 1 0L A Jt. 1 -5.4

:78 *. i . '. ' i 22- 6i .14s 1z .fl 2 L .' 6< L I...474961<-.' JL
39 1 N54i2 Imax 22 8i A1 . 44 1 2L. 2 7 22 A 1 t 1 -4.957 1

40 -- , _; Iwin 2z222 6z t 1:td 44 1:1Z~z~~zL - 6.1939 6
41. N...~53.. max .. . 1 151.254 6 1137 f.1 5t... 0t &..L. 0 . -L ______ 01

__42 __ winl :ai. 0 ± 2585 1 Z-1286f824± SLLWU2 f .1- _t:L %-~ 0
_4-3_ N5I5... rnW~....... ± _L 0 _L ... A 0l... A L 0 A. 248425 A.L

At4 _ _ _ ,±.'zLZ. . I t 0 'ls A 1 j ~ ',,9479. A
A5 N65& ax -30,212 ±L 1016.129 573-214 4 S A 0 AL0 - 0A

47L N71L... maX 1202.421 -Q 115,287 -L 130269 . .83l17.. 51 8.01D 4 317,915 A
48......in 2.372z ± -59778 2 -160 -M I AS 279.9 A;507736 '-;4i27.532 2
49. N72.JIZ.... mnax1496109 L 22A465 AZ.3,174. 0 1 - 1...... .1 0_______

nim__ .U4t ± A3..f I. Q m - ~ :~~- .... I 1 0......

51. N73L.., xr ZfS 12. 17-6Q A- 0..A.... 0
iL x, t ZB- L A7±9 Q -S. _
,54.z2BflZ 1177 I2t i .': oif 1 n55 .v.:I 1ZA;S - Z'L

57 232 mu W 1 3484 4 0-- A 1 A 1- A.rg0r-
mij. iA.vinumlL 27Ri2 .. z Z 7Q j->0"''kjxflzA ______

q' L-.Ma 1112.629 _Q_ 425.07 AL 495.852 -- 5 Q . .1. 0....... A 1D....0
&f2. ~ . olia '..51 A -1550.251 _ft -Q,2 _ .$ p0 _1 i:Zfi . A1

.A- A W1 0 . 0 AL 20772 1 W A 125.62 A

6742 A _,f ±,, 11 ____ 0

min ±j _13 ± 99 ±-, L :~j Tp-T.

N52 '>-rmn -2Q 423,127 AL 643Z48_ 1945 1 2ZJt 1. 00 Q>A .~<0 1'
m .u 210 AL 1139D57~ .A. ....S....8. 1 A wf L.n A ... Q A 0

.. 9 nag. 268AA26.LA 243lAAZ -L 0S ± 137. A 0 A1

M-- <Mjj -208,1707 -6 496.11.2 .;; ±111 1.zli 0.iL__ _ _

77 m~ 3141.6721 1 &347-051 16 3700.591, 5 ______ ___
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Page 29 of 94

Envelope Joint Reactions (Continued)
Joint Mli, rCV? I fb c M i-ftI It I h-l !IC MZlbft I

l 3203.6721 6 634f1.05 1 -3726.3 . .. 1 .

Envelope Joint Disolacements
W Q W XinL It Y 1M I Cn Ac 2JInL- Roaio- tao IL tQahon. _A

-Lmay A 1 6 1 0L t
____ L s10".a I..,..O.... . 11, 2Z .;v -AL i 112 AS -D . 6zl%

L N2 =a -.()02 -1 .1 Af 0 _1_ 9.85e-6 _ 2.62Z7eA fL 2e-4_A
AZ - mini -007 A 0 _fO _ A -.007 -4.223e-4d A -i.322-A -2 -83e-

5 01 1-07ll A DL AS4e-5 _L~t 2, A t21,78e-4 _1_
2 .NA;7 max .. .... A.. ~fa.Ai~r.A

.Mi(i Z l w......6 zS L 4-54e-8J4 :2 -1.3eM a fl905 'o
7 41 max 55 0. _A 1,158e-5t-A 2.423e-4_ iD2leA4J

.mu L 003~ 7-L. WAUzP-4z 1. iOk -221t7 . 4.25A-
ii N max S 7 C A A 12 -ilt I 2.172e-4 L 1,036e- -,-

II NL Imax 0DL. 6 0 A C _ 1,66- _9_t A.5l- _9 A 5 -0
13j N7 mayi 0tt01 6 0~SL... 0~ i _1 149e- _9_ 2,636e-4 JUL 1.038e-4

15. .N m W1 .003QL. 0 fL. A _.Q......SLf 1.3- ZJA65A _E 7488e-5 AL
- miiiL z-.VD l 6482 A ifz.0 9 j~= j- 2.913e-4 -3.673e5 - L

17 N9j =ax .005 AL 0 S---S Z2,84e- _Q 5,435cft _
18mini .flLA003 - A~~it %'fl _ -34DZeiS

itQ 52L 128 S -4.75e-5 A -308e4_
19. I2 mux .00 -0 0 -1 _L2.4e- Lt 2.893e-4 _9 34 2-

N1 0a L f 0 _L 1314 6 ZZ39f- Q 1 212taI A Mf1letS -1_

m 'i 0 0DL -.. ..A 0 .S -462e-5 A -1~ -303eA Ai_ -6t6A4 T
Nt151 max L AQ 0 A .12 SAtL ,296-5 A 1 I308e; 9 .8e5-

12mini 0 _j , .0.A 5 . 6 -0 :, 229fl5- 475 2S -1 Ai3nI 2.
3I1 N16 max W A 0 4A 077t Af 1Z17-Z__2.0e-4k_317e5_

mi n ... A, -309e5C --S4-. .fit A A L72e!
-IL N17 max 0 1t 1 0 7 A0 _fl2.52e-5 _2_ 2~ 3. A i2_ t 72e5 .j

'34: flrs -i' .]jf t.5 4jL _9 - z iZ -10 A,.04 2f1lfit5 AtJ -7-073e4 ' A - 4e.5 -2,

436-. - .- t-.- A,9 -. 023 A I3.583eA5 - A73e -91S -3%054e-6 -IL.
37 ~ ~ N1 ma 0fD -1 0QL A i222t 13 A L5A6t2A -9-Z4t &33 L5 -1

45 202 max 0 .1 0ft 0 4 A.68e -95t .98e- .4-~ A. OAft

41 N21_ ax 0 S 1al2- 0t D~-A-JS~t 9,49e- -LB3,64t A iU3,63e 1

may~f 0Zh: 1 1Z~~ -_008 7 .00 41 22a. 9 ,45-1&tSA B-tL

i 42L may At 0 - 1295g2 AQ 4,67- - ' -3A6e- 7
52~JL A< " mi~is~i f AJz t&l~ -3.994ef 5

47 N24 max JL -:,0 _L .06-L Zi29jeU -2 _SLt -53-6 - -I-Z
- 4 mini :zZZIL ,5-f-00:.. IL..... -6. 5 i e 252e t.07e A
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Envelope Joint Dispiacements (Continued)
- wn intI YL ...S.nL.. IC. J 7. 2 jL RQafto t 'C nl -L otto

.55 ..... N28.... wax o. . 1t 0t... -t 1 . 0 2412e-3 -Lt ,0g- -4-~t A .76- ZB f
56min ..SB2~ JL Szt -L.i7l L LWen5 -! -AIt -438e- i

57 .. N29 max __L. i -00 _...._Q it 2L32- A2 j,35_ r-
:58 __n -1,327 L 00A...D3Z. i z.02zi -8.04lt - 3 -ZB t -289- -Zflfle~i J,
-0 N30.... 0a -LM 0t S B 0t 2,QA853e- -9- 1,072e-4 -A- f t12-5_

.2n : ;:13h : 1,773&'L -t -..t...i .L .Z 0 t -8A22t5f A- -±QS57aA L 4.275e-5 _Ab
61 N31.. wax 0..... _I .00A~5...L -f I M5 3,073e-3 -L 1103e4 _4 4,55e5 _L

63. N3U2 max 0 it 0 3t t 4 t .22- .5e4S,8e4J

.ni 0 :6 Wtz S ZL L tlt !-4 A A' -9,245e4 _&L
67 N34___ 0i __fl J_ - 61DDJ 6. 0t~23 41 5-007e- 4!-- 3.4--3e5J
69. N35.... raxA 0...... _it .537.. -5- 36 A- 2.398-3 - 2,837e-3 A4 1159e-4 .1

70mi ;4 _ - O J%, ZILZ S iz,253-L -!_ -1,4Bfl5 _LI -2A15(t3 -A 2.Z3tz iLE
7t N36... max -S.0 _L -447.AA it ... S3L.. A if3eza _Q_ _1,_88et3 -A- .74- -1 L

-72. 2."- min I -24. flJ* 4 0 J_ 23 -5h -1,003e4 -±- -3,04e-I -4t A 4ens At
73. N37 h aX L t00 1 A76tI _L .029t _L 6.05e- _L 1,846e: _A_ -2fl8t 1
it j3] -27.liL. 4a 1..Ou. it .,. itL -.271 £ -9-465e-5 I ihQa A:5 -3-68e- i

76ZL, mn- LS3 -:£ -00fl1 zL -t 3.15 L -8 948e-5 1t it 130e3 a 222e 3 -L
77 ... Nl max .005t -1- A75 -AL .11-L597- -Lzt .6 f 4_t 1-217ie-5 X

-78,1 min. i-f A.. w 0135LZJ -848e- :BAt ±-106e-3 -5i -2720J
it N40L 0a J_. .545L it 7 4...f A 96l5e3 AZt4 2 A 1D95e-4 -L

ID.. p- mimij 2..2i it 1 ... z22-.Z It .26t 5 t .94. 5.. -2225e3 --it -223e-3 _L
81 N41 max 0.... -1- 54.. 5t 13. A 2 14P.34 A 7e- ZAZ4t A.. 37eA _i_
89- ___ imi ..- 4A43 -t __2zlrr -:!--01JBa5. 22 itJ, 1i2z 5'

_0 fN42. max .. 00.it 1 524 51 6L A2.044e-3 _A_ 2.581e: _A_ 9.855e- -L
_84 .._r,,,.mi &ASU5 '52- 01 :1 I'..-'2Z7 5i -6.073eA 1L.2AlZ41k3 it dA24t3

85 N4 WL....Ma D.1 .L 015... it S.02 A 1.26e- A_4 Z2.72e __t_ 2.75ia _
'86 14 i M in t. it -19522. -LE - ,3ftD- , i-I - 25eA - 1 43- j-lt 1, 247e-5 LL

87. N142 Max M3fD. A......... it-- .013.. Jt 1-555e-3 1226e-4A_ 2-74e- z JLt
,'8, ____ni 0ilf..7. it ... 129DL. LU -tI52. 6i008e-5 1 i A.A1 k -15- 2858e-5 it-

89 N50 max 0 t -1- S 0 f. 1. 1-115e- -L.2.?AfluA A z4flit -
.90,m ..,0,;f iaL WZQZ A 1.15 5A 14 7,97A5 1t -419e-3 it 296e- iLL

91 N51.. max . 12 L,. it 0.. AD 0 t W.. 0 t it-

i3 .. N52. 0a -1-.S 02 -- QW§. ..-.. i W.. 0. -A-
946........' 'Pr-.. ... LUS ZLZ Lztr

'--~' JM win ±&Q .. 1'-~. tLJ 5*, -1IDSIiz4 -1i382e4 5til t :1 )04L 1:1

mill _'-,8 ()04~ _A L-'! i Ldlt 12-M4t22. -dZ95 A

m1 ax 0..I83.. .2 1 .003..~f.... 4 .988.Si,. .2 .3 96e-4 4 3.84e- - 1i05g5 J.

10 .wax 0flZ 1. - ..Q L.. 1 .01 _5_ 9, _A5 A _ 2.22- -fl 2 - -3.378e5 2..
maxt 0 -2-mi .- 1 0 -L. 1,003e-3~ -L 2414I -3.3325 1

S~i~W ax.041D _3_ .015... iL M3S A- 1±019e- A- ..g- A -a2..-flSi
lID.'"- '- in L t21 I 'wV.27. 2Afl0g& .2 5 22-2,7 3- 3 -6 193e-31 2.

.165 IL... 4a 1..4 it 19.i.. A7e4 4....D 1101e- -2-k 5 119e--5 it113 N6 ma -39 jj j...... S9 DL &~t 2-lk&i lW
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Envelope Joint Displacements (Continued)
- nn X ~n fin e YnlL-- t 2nl JX Roato tolkk. -t h k

114 1...-... wi 1-u 0Lfi.-i -j t- 5 -Z R76" LS -1A~t 477- .5e-_2

l1If mIt .z' it -0l2z -2-83e flaA -1-361ie-3 2-0 -294-3-L
1171 N69 mx 0 Al 1i 2l AL .078 A 9,283e- _A 7.943e- _2_ 7,982- I

lii"J .0 zZi -Z tLf222L -2ZZ78aA 5-i.27e-3 2- ,3-3 2:
1 1 9 1 N 7 0 m a x . 3 9 9 6i 1 .2 2 A L4 - 8 .9 75 e 4 A 4 2 70 4 e,4 - 2 - 9 .0 64 e -5 _

1211 N71 max 0D -L 2l 1. S0 0t A-AIt 0 ZAk -L 2J
i21. ' min.z li Li .... . it 1 1 202r t5 -5ffa L :A 4 11 :L i n: i:--A1

ia N72 max 0l 2. it 1JA4 7.296e-4aA . 3e-4a -L 2033e-3
125tflI N7 Mg& .30 7 . 0 .01 __L-z 22 I 2le-5 _L 3,429e-4 -4- 5-13e-4

WMM waxj]2 -fl024 Li L it 4,29 -i5 -5,06e4 7 ZflB94eA -162e-6 -1
_12L 7 max 0D~ 22 Z 2 1.0 _.2-L 1-363e-4 -4 ,9- -I- -6.d226e-6 -L

114 NZL7 wax 0 -,L W6096 .10 4D A21. LZR i 11- 4Zt A 7leL3
121 nun %. z1-2122 -A7 2 z '9 S i09 5i i -4-582e-5 :1 A-224em3 L- iJ,19l 7L'
III2 N8 0a L L i 00 .005 i!t IQ A 1e- 4e- - 9a f~L±
1341 ' - - amn 21f7 i :IL- 22QO mz.005, £Ili -6.12le- ! ;; .fl 5 ;A

I flM 1 7 ax 0 it- fl5 .01 __4_ 2.Thge3 -9 22C- 2 L A if3Zt4 itin. wmin -2,048 _L Sl2 it09 .Az 'i L-QaAi
1137 81 MgX 452L.6- Li 07 -0L i 35 _L 4.583e-3 -2,34 -5- 2.2IeA4 6

m in -~t 0 S325 ,i:'-04 8i iLIAe-A AL -2,512et
kM2N82 maxi .007fl 1 .1 .293.. Li 4 A.I1.399e-3 4 145P-1 _4_ 20e-3 4

14 1N4 max 0 itIt ffLL ~le t£dAS A~~I
M in. -,M4 -0 _IL zflQh L -3,766e5 _it dAD4024 -A- 41 IA3e4

145 N8n may, t ffi.003_2 .00 _L~t 1I.885e-4 _2 ,844- - 1.282e- A-Lr

1481 min8 -.0x -71 - 1-715e- 'I, -233- it A 64 e-3
An -~ min 1-12 A fl 03 it, 6- - 0 1; -4.543e- At -2-52e-3 9- 4f13e- * T

i90Mi .28 -Lx -00 .85 22 1i 6.4-5 3-2e- - I 34e5-
-min - ;38 2 LiM, it4' 4S25 -872e3 -22 Aztm33 L

j5Z N91 wax 3VL _2 -01t A 7 -2- --Lt&2 2~t

___nu -164 22 j_ - - it j-IAO95 -20Qfl5 ;2 AA 3 2
17 N93 max -45 2 5 L1 2, -236- -. 5 1.45e- -L AA21ge5 -

-1a --:min S17M- "L ZSDW it''04: flLt 4,36 -Lf-1-1116-3 LL 2Ofief-2,

-6l mi 02 82 11±DJ A&0 3.CA~i 2e A-Jh3 -~l31.aG 2
~~~~2L ~~~ ~ ~ I -4.194&3I -I2t AZQ L l2~

1611 N97 max A8 5 1 L Li -1 1.16- -5-fr 2.43- - 2394eA -
1621 ~ li .3.025;.± 1~ l2 A1 t -2fl0 2 -l28frA A -5i338e- -L 105- i

Mfl ax .442 Li 1 A -4 it 1 Q.frAA .743e- -L ZJD9eA -t
tmin ' .023 - it. 0 -L -;8 2i_ -ZZ28kA 'L-.38- -L.7g- i2 :L;f

165 N2 0a - L A- 4.975e3 AL 1-73e- A4 -2265e- -
__ MM±sf -0 ?m2l t tfilf-5 -1 2D7hA -1 58e- A3_4215e-3j

JQL N10L0 max S J- A it S it 0 A 22

ID.- '-:- m ,232 J2.00t2 4 1t~ -5f.D~~'2 &l
.11-RD- mpA602.S t -L -0 1 12813115e-4 3.814e~- Z. -5 4
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Envelooe Joint Displacements (Continued)

173 N104- max -S0L 1 0 2 1 1 8f21e _3 2,4~ ~ 5e5 _L

inM N101Ai max .045 -L 2192 .00 _§_ 6Ik 12e- _L 2 1-58- -a5.4e4-
iAM __ mwin -,';.0 Aj- 0zl A 006L~ JL 13521t.4 -L AA- '-.8e- ±D688A iL
177 N103A max -004 -1 .198 -00 t 4,731& AL ±aa4- tO 136e: -I

12._____ i 9..I5 3_ Z~ '.'t00 ;;012':--L-,4e42.L- _7Z46A -iS 6.4eS
179 N105 mim .01 L A _j -0~13~ _L 4,701tfi A1 1227e-4A .86e- ie J
IRO vs-- at min 40 L SS.;2flLO-S' IL, t...2-276eA _IL -1821te5 _,O -4AS7I
1811 N106L max 074L 1 7 1 0Q .0 IL 6,063e- 1 5.66e-t 1.3- Q

iii . . win tAQ%'I A .11l087- IL - ": -J- -3-326e-4_-7 zL 9Je _2, - 'I
MORAf~& max 04A2 6L 27L .00 a a tIZ4en& AJ JA4ae- -- I- 1

184 Jn A g :-.2e4 LJ864j
1ha N105A MUx -00f2 11J1 A0 _L 4,28- _L~ 8.1I5_L 1Z25e-4I

- -U im 477 __9 Z&1 - zSfl ±nv 7,W2-13 A -±f1l38A LZ -4,3466 _L
187t N16 max W 1 J A(1 _L 3.68e4 _L 1,82e- _9_ 2.097e-4I

flft4 <i , - win_ S2(3Z IL -A032 ;L A 2 -9A22fr6 .- -i..,S IL -A2ZnzJ i"
189 N107 mux .041 & -002 _A -00Q2 _L D,33e-4 IL 4A14frA 4 .4.1- I

____4~~a: q- win 1- A - ~ l2 L o'flO2%.'-7 ±:41,- -k ft-7 'BeA I
191 N10 ma 0W212 LZ ~2 A 8DA12eL _R_ 5,52Ie-4 A 5.5A I

_tu * wmin -2-475 aL -~ t A1 ;,f LM L -5.047e-5 _ -5.57e- _5_ 5.518e-4 12
194 . -. '.. SZ IL aL IL. 5S~ZI J~f L-2ftiI

mi[L -, ' j, win 1,Sf n sZ Z .693- -.. , -1 -M e A4 -12342t 5
195 N11 Mux 0 A_ 2C -t -002 I_ 1i45e- IL_ 2.124e- -, -2431te5 j

_M ' :'mfLf -247 -_l,: 2 . - 0 :4 .9 A RAS .f1t J-211P. 4 -A22tP i
197 108 max .272 .0- I M2 -1-. i .022 _A_ ,4 6- _Zf~. L 2.429e-4 _5_ fl~
198. - win mm A: - 2Qt IL !004 -aQ .,'02----.099e-5 -2.36A4e-4 ~ e I
199 N.-1 t. max 0.1..008.k..-0A5._4_L3 204e-3 _L 1.526e-4 .5_ -ZflZ7td it.

2QQ mwin -2-422zL _j - 00 -j- jjflj43 5 -. 026e-5 J:-IA7- 4484-0
201 M110 max C JA -OMC I .02 -5- 3.277l 2L 1081e-4 5 I 47e4I

in- 02 IL 8zl~ A 0 '1 l002 -4 -9-153e-5 1-3.013e-4 A A58JtA I
MU 23 2 6L W105 1 .077. A4 Zthl 9 3.flaA IL -J.4fl A it
M2 - -- in '0L J_ -.147 IL .,z07ZR 5*! _225-e-5 i - _cA -7L,57e4 6

2&5- NU112 Maj -. 002 A_ .17 I 007 13.01e- _t_ A 475,e- _8_ 8.995e- -A-
206 -. _ winL : 54& -L wDhizz0 3 -L -1±572e4A I -8433e- -L -3,L _sL

207 N104A& max 0016 IL .0 JA-h2 1.93 L _L 2M~ -L 498-5_
m0.'< . . in --M03 0' Z ts _L 4.Ilz 922 .l.Z 5 A -25e- 2 -1,7e3

222UU L n=x -29. _L 32520 IL -A 2,06- -0-k 2.332e-3 IQ 4.029e-5 -±
_ , Olin mjL3'-57 6 tz..2h0z7 i ,21 IL 4i236e-4 A_ -1.35e-3 _9- -ABlet3 '-7
2a IL,[ 1. A9 .A11 5i.$e IL Z276-.L8StZ3e- IL -1-815e- 4.,

2f WD& 1a a2 1 17 t 41 IL U26e-4 _Z 4A~t ILe- _0_ .85e5 J
214. mid 1..', ' ~~l~I .L2.L AZ.Z2.Lsti J9f "11 L.9B2:2.£8

34 18&wxI S 02 16 t ,189e-52~ Xr £398t3 IL Lfl@;G 1
215. N 108B max 256L 1 0 _ L 77_L 55e- -I- 4,2e- Q 7321 I -L

147! s9 1i '0L23 ~f522tZD A -4,4434i-5 itL 4,l296- _L -2.142e-3

221 7JAT MU 272 6 1 0I ,8 L flI-5~-3L 5i.158e-3 _QAZ i
161 £Digt 3L 0. -ztft -456e

NH10Bl may 4L 6 1 B 2. -,9- A817- IL -DAaiL 5.447e-3 rIit t
2T , MEt i,11 ILj TM ~ ..... -i.2Z .8t £,933e- A. -.213I

.... AtitB-. max .16t.6 IL ..418. 7. .2.553. I 6~at 375- 7tt 642- 4-9.47e-5 it

.228.~~~~~~8 mia 0LZ~ 1. 1 q.->" fli _;~l2l i2Q3282-8B~a-m~
222M wae- -6Q IL ,22 ,41-- 84L, A~i2 B2~ L2Z2a

max 1526 .19 t Z A- A14Len 72 iOi~a -9275e-5t2
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Envelope Joint Displa cements IContinued)
Joint X - in 1DL Y SnW I 7. fin Rotatio tatin k f. tJr.

237 M- i - a .;S , Ia L .004 -1 0 L ,a _L .l e - ±03fitO 3 -6
_M2117L max 013 L 1 0 A- 3-14 _ -4D~et _. 4.037eA -0-3m
2a .NhiLM QSR1 03AL -0 max2I_ W255- -A- -55- 3 -1

2M d zDL ILh S-_05z A -4 .04 1 -A1flt-h -A_ -3.96-O -1.4e &_

flf .t~ .!I.~;.r m S~' I zzD~f~z A L004 -Lflt 3e-L -i2Z7nA _IL- -1I267e3 _SL
23ft N1W2Q max 12 3127 ± 42 46P. 1 4-f33e- _L 3l3 _9

240Ami ____ IL mQLS00 _A M4L 1 -5,20f. A -1 45A3e-4 9L -1251ta IfL
N121 max .03 -2- W L IL t1i-eA 6A V- 2,495e-5 AL3

2-41 I'jq - f Inh .Dui I _O ;:,0 A ZzQ tGz J_ -5L135e-5 _9_ 4.2Z7eA 9 -12D7t-3ILL
2,42 NJ122 .0 ~3 -9- 0 _L 3W12 _Q_ 1.67e-6 J 2239It- -.0 3.43e-3 -9

2A- jmvm_.%; L L; J3 DDh tnll ' -L0 A:L '004t :L. 4,2e-5 _9_ -1.267e4 j_ -i269el3 L_
2- WN23 was 0.2 Q 2- J- A -1 6W36-L 1.822e-5i & L 3a5nta- tJ

Za 46 ,,.,i -. " jn:I -08 r I,07 4 fD4s J_ _-.65e -AS13eA LIL zl.2~et3 _L

24- .q1,int 0a S1-,.,l -,L -1 A -.004 Il &Qa, A JAZ19eA sE t A33 _
__ _01h 0f3' Si - '2%_0 A - 1-631t5 I AijfleA -2- sut1e3 a £

2al N126 waX -06 -051 -A- 3-10 L 2056e-5 A -5.MQitf t_ -I5e- 9
2a , -' ni A 7 0L .z :Z - 003- -j- -5.43e-5 - -1At091te4 -9- .4-336-3 6

25a N127 .076 J04 _SL 1.90l- A-4 4-32L- _f2 3-554e- t 2_
2a4'.0 n d Z.2Q2 IL afl. ± L sQ3z -5.Zt I_ -IQZ75iA l -3l31te3 IL
25a W12L max .084z 6_ .06 L 3-09 61-35e-5 A4 3.24e-6 -0. 355e- 9

-2 ___ada nh ".2 t_ -L % I .003lt IL- 605e5_ -1f064e4 J_ -1,331t3 Il
1.5-1_ N2 ax ... 5fl 6 1L Ml9 4 A 0 6 1.621a.5 4 2663P-6 J_ 3.554e-3 _9

L25& I -min 235z -9 W1n ±:-z:03- I Iol : .- -w;X lQ'SS; 1_ IL__ -i2331e-3 IL
Z259 .YflL- wA -087. 1E _62- A6.B...I 1.573e- A Zf2-462e- -6- 3-540 -

.ada .2322.......... 0fD - ;iSfZ - -S5a AL -.9e5)5I106--t1331t3 IL

F2 Xq,:..- Mda S 7-7 I 22,- I I f62l 5L 1--0Q56e4 __ -12331te3

Envelope Member Section Deflections

Hemb" +. Y fin ±c v in IL 7 nnt InC IL ~ A
_____L a-.0 1 08 1 fDL 6 0 2Ae _L 104e-5 zt {NQr 1

3.t. m__ ax _-lLt -08 A...I~L A. -1 1-063e-5 I NQf _Ll0.
-A.. ____ ___o mm2 ip '. Z&Q0z. -11 -07.D:iz i 33t4 JL 6.39~ NQ, tlL~

5 m@4.t a -001t -1 .081 __§ 0.-. _A 105-5 _L NQ1 I ..
±j_ 7777 inn lr'13aQL A-O0 .... 006.. -L 4.118e-4 _L -I~SA..NC. L.N.

___ 4 =d -.001 _L 0~fl~ J± 1,107e- _L NQQ~ f~jc.~:

5. . may, 001. A 1D. M L 6 .. ± ±ft 1 1f 1.1e I Nfl- NG 31

11 1d M2 mIx- a SL 3 Sf 1 1.QJ2C I NC SL NC.W A
A 2 1 '.. mi ,:lz 1 '-002 ± .006:, _Z -. 44fl4 Q 129-183 I.2tJsz iLN;:,!

0-m .032.. 0 I L ±1029e-5 _1_ NlC IL HtC .1 1

3 =__ 07A 0a _A 1.047e-5 J_ Q IL C A

it4 max Wa 1I03 L W ±J 1.064e-5 - N _Q_ fl2, _L

2t ml, ax a- 1- 0fl3 I I A,0t- J_ N ALMCJ
v'. --,, ' mia jhl448 -LL J2D L 17 2zfll 57e- 8L i1&2i _-LNQ. 7

2: M" 0 AL I 6,646e- 1 I L4NQ0A
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Envelope Member Section Deflections (Continued)

27 4 MOX 0 -- 0 -L678- J- NC&aI JL
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.Envelope Member Section Deflections (Continued)
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OEnvelope Member Section Deflections (Continued)
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Envelope Member Se -ction Deflections (Continued)
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Envelope Member Section Deflections (Continued)
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*Envelopie Member Section Deflections (Continued)
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Envelope Member Section Deflection s (Continued)
- J~ibu...S rl fli JL rl 1C410 7L ... inl. -IXoat-F (n)1Ik aio .Ia

min 1 M2x A8 t1 W iflt 0£ fl ± C 74
32 D= -32 -L 0S _I 0L z .zul 3.9l2e- -9- sN a I

IC& ____ 0% Jax 02 .Q - L W -7.616e-7Z9& ~ ~ ~ ~ ~ L ___ mii1t f -nn- NC,
797 .162 _2. 0a _£L 0 SL ±.65- _2 N

.0& jn- -0. 0, L -0 -. -. 0e7 L
799 5 maxf iQ i L' 1. 1zZ ± 1 t 0 - I 4-

8011 M8 L max. .00 -1 - 42 -- 227e3-- .C 5 N
____ ), mm 661-: 22 0zt 508 -LQ 1-819e-5 - .zfla A; z flZ -3

2Q_ _ = .004 _25 _ - 2 L .469l -2- 3.15a -2 NC A 11,8
"mia' i aiz -±Q~i 501t -a 22546 11ZJS8 .JfZ

__ _ ax M04 J- .37L _22 4A102e-3 Z 19w7 rll)ZAIfL

-32 tz.21 St. 3 3.. 1f 2 3.0Bet5 --JIQ . 15z4,9< 2.
4l MD L ax .04W ± 03 5 -19 _2_ 505e-3_2- N27262 -
-f mix ' 13 .W. A.: 27 - :4 L 2: -992e - 2 =85 -3-
51 = -004S~z -- z-.D8L2 _1 J-O& 5.982 _2~ 2- N iC.z - NC '-

Bin t ax W p 4 -1 2~ _D-L 4-: ;f2lAZ

812 _ _ AI- I L, I) - : -08e- A-AIf~ 2- 1J;11 A
.' -' j'' z a -A A-9-S- _ I - _9- , !;NC - -2fL

141 z: mixQ9 -2~ A.08 -2- - .263 JS 4' NCN A1
£2 -.... 2 min 6DI A 9 W L 4- 011ti .. -. 332e-3:4 fA 2N36 il 4-N : A

4_ _ max 0 1 -07 1 027 8 -21Afle _ qM 6 _. 71377-
£24 ~ " 11-"* .L - "-j63 L -t.2 -.2A4 AL i9~l ti492,11 A

__ _ max 0~ A W04 A- 11Ae-4AD 1- 44772 _E
£28 - z - mm '4 w _SJ fl.J 435. . 53-3-- -N.fl-. 6 150A9

£28 1 1 Ma 1338 _A-- J~i - 0 . -3l315- -j- NCt2 1 1- NzC 61
02 _ _ i AL -3 I2e J8 .W ..fC - "NC :%-8

923 2 max 1003r 5- 0~j 1- 0 j:. -28e-_J Nj I- NC L

LU ~- - ,&.m L f l " A&C&4 rI ILL..~ ..- l2~ . rNC.:s4-
min. imf_07 t waxI- NC2 A. t A A -AOt-tNf, 4

-At ~ - max .334' J- 0Z 1- 1f 0 6 -8.289e-7 I NC 1 C
_.Ltna 7 ~ _1. 003.~t _j _1... ... 2 V A.83&~~~~~ .: - 0~ n8 -8- r.p,073e-5 ~ fZ .:LtL

M924 I max .22 ± 705QL AZ ozlf& rt £-1 .0- _I_ NQ2A I i

3L max. .10 7- 0ffl 1 023 6 -542e-i A NtII
14 ,min 4,0 i -0 I"2 ..,I -1,197e-4 - 8fl I

837 .. 4-~t max .5 7ua P.00 1 0 6S2U f-214e7 1 NC12 I A N

RISA-3D Version 5.Od [C:\RJSA5\untitIed.r3d] Page 47

A5-200



RPP-24544 REV Id

Attachment 4
DMJMH&N . .

Calculation #145579-B-CA-023 Rev 1
. - . -DBVS OGTS Bypass

Page 48 of 94

Envelope Member Section Deflection (otnued)

RISA-3D Version 5.Od (C:\RISA5\untided.r3d] Page 48

A5-201

sP~ . - r~o fini l 11aJn1L. 7i rznl ~ i latk. EL_ Inlli&afl Ic iz~ i k
I M2& L_ mag 0 1 1QQ00 L A 009L 1 1-85e-4 7 1722.4 _A 2843-05

in __27 t1 SD'421 it 6. ~ -04:1-5e N -iA .6 NQ
1L 2 a .U.. ... 1 .fQ. & .003 -t.M 1812e-4 N..JQ. _ 3773a286n9

&a m~~in -Sfl 2_i f S Z -.06 -2fl 05 413e5 899,5 it_ '--

4__ max 0L- 0 A W A,156e-4 NQ _L NQ-I-
-05& rI: in~- 003 L&2_-03,lfl ,08X z i-3f726e-5 A1782.774 _jA657j

12maxl .087 it 0 1L A __L t 9.4- _2 NQ I Q
_OM777- -s . 1in Ii f)ZI X 11~ it i flti 7 1M 5 01 6 -56e5 18,4 :_I

ML1 J42L L Iax 403L L ,.003 6 1 51Q1-6geA &IJ i6. 6 I AL

M _1 m -443 _L .00D2 WS 0 1805eA &L8Al 95640 L NC _L
-EL winm 0- A W ±o 0 11t itL -2fl002e4 -.9- Z't-C, -L -

M __ 3 Max. .48 _Z_ .001 __L0J_ l2,002e-4 _LN CA
523 7 0 f 2,198e- _fL NCf~t L L L NC_

JL__ 1 m00 fl3016 A JIg NQ
5 Wu .563 _L 0 _L 0 A ZflA A-4 N IA NQ I

JU M97 ma AMM 0ffL 00~2 1 A00 5,19e5L 55A04 _L 2573,412 _A
_JIM. - i-inLz~L -'04 S-Q~Z: _ 3... :.02 i % -U2fl-f i 25731023 -- 2551i1J2. -L:
ID __ 2 mm 0 Aj L A 002 _A 5i126e- Aj 3A44,29 A1 3487 835 4
.874.- -- wn .l.fl La_ 17 -- M .f2z _t -9311A4 _9_ 3487L055 2.L 3457,661

3i 04 1 M1 j -00 fL 5A33- - 5282.4481 531922 j4

JIM ____ -, min LflQj 0. _LZ- -9. 4 19 . 11142- 71 '223 J2
87W my, 0D - A 516- I ZJa HC I NC A

lFtn m. w [in ,. t . -X .1 - it4g-4. - 'G illn -:-NCs -A

812 max 14 846 -t f08 __L & 0 -A_ 55e-5 A1 2847-01 12 86-73
.... .. -o win _: A M _ 0L -008D i £QIDjeA. 28 4 _L

la 3 Mt 1217 _JZ _ -00 _QO _ A 00 AQL o- Aj 4425D571 __ 4AM A4
M1 777*j_! - L-L A 0 O 1- 2 .zOCL' _L -iA12ZeAq 4455-318 -a_ -4416.07La

187. 4 ffax .588 -2- .04 A- .004 4 5. l- A1 9200,0D56 _S 2262028±A

88 Lmax 0 A 002 A Mfl 5.1 Zift 1 NZ I NC A-
- 22 in fl4t --2- Wl2, 7102 k~ _L -9f32et4 _at MflCZ- 7+ tNCz& A'

M2 AI t I max 2-41L .f07 A 1 M5 _5_ 9,026e-5 A NQ I NQ 5

893 2. max. 1-80 A fL A 1 Q it M45Q,45e-5 A N _S N -,
MA_ I' mfinl -, !, ±L Z..QIJ 6 i t 1-z-0:-A -32214e-3 itR _:'NC,' _i. :fiUCS ' A

385 & max 1,9A -.005L A .0L 9. 063e-5 I IP NQ _L
min z 1-ft200 % 62 1t ,003 A -3225e-3 it: LtC t - -4

SW2 4 Wx .585 L 00 1~ A 002 S Isil81te- L me A NQ~ A
.82t-~-- min -0fl- .I 'lDri 61s2A-133t zNCZ 4t 1b~-

.899 max. 0 1 02L A 1J.02 it i.022t- I N% A NQ

-027 L Lt A8x _L2 9. If A3e -I-C _L NQ~i A .5Q
Mz2 - M"- in _:Lz ± S 0t f82 A -12~3 i NCJ' it LzNCz

.22± ~ ol 081-' mSZZi i~zi A L A -2288t-3 _2. zAIL- tz _"CAl

_______A. i .Q. -LE n079. -4ZL 3.298e-3 LI:,N R L I £
L9081 -177 z *lZ 15 Z.8~ it fZ; 2 32t i ZN

[6202 5 lmax S I 1 O A 1,105 it .07 A r0

40



RPP-24544 REV Id

Attachment 4
DMJM H&N -

Calculation #145579-B-CA-023 Rev I
DBVS OGTS Bypass

Page 49 of 94

Envelope Member Section Deflections (Con tinued)
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Envelope Member Section Deflections (Continued)
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Envelope Member Section Deffections (Continued)
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10371 14 max 0 4.- 4-00 AL 2.~ .02leA _2 031-0 __O_

1039 1 =t .0Qi -j 15 - .0 -j- A .g- _8Z Q 9 N~~
10411 SU2& L max 0S -t wa0 -L A0 1t94eA -7- -1- ± 5M.41

1042 Vm8m --&-, LA - 015fl A -LD5flA t i-UQ IL i
10431 2 may a 1. __not 1 004 6 5 7R- NQ 1. 1167AI

10441;;''- Z Mill - --818A "- -- tA-~ 9: LLMZ A

105 3 max 0 -1400 03L 6L 1423- 7± 1h11-22 -L
10461 W~i mfax81 & 4.M Df1I0LA A2- IN fll2

1DML 44 max 0QD 1. -002 00 1.167e-4 _L Q% __t 353-2 4.
IM 5- min' I.81 ', 22 &*OC t,,004 -I :-6,2- tL -NCZ IL' iuNQ* z Al

503 max .202 -tLQ~ 00 .f0Z AL 9.117e- _Z_ NQ _ NQ _L

lo 106_ 1 wax -0 1. --D(2 1 1 &49e-4~ 6 NQ 1 G
____ ~ 1 225lfl SiL 222i A £022ji '2N LZ~fZ
205 Wmax -. 02 -L -00 1 .003 A- NC~k 4 4.9

__-2 md2224!' %6 -t22 A 6OA A 0 6Df t -1 ~ z -906- MCc I
1055 ~ 3i MU9,Q2 _. -SQt._ _I .006 A9 4.1A8L- 6 NQ 14. 210

1.0561 glh. mm .2-22L -L 22t f0zA-D 9t 2 J~ j''
1251 Ud, L.0' wa 0P . l A 2MZ A I Sc -6. '11C-:A

I= _d 4f MU -.002Z _1_ --0 _.009 - A 4,523e- IL SNQ IL NQ~ IL
503 max .02 1. 00 1 .t013 ~ k N _. NC A

lOS- zmin fl03&2 IL -2, -AAL~ A' A5 t-L tjE -U& IL.0 ZNQw A_
105 Mw0 axi~~ I00 .01 -2 -2.47e- IL N .

105 A"'.~ £. 10322A .z 1ZIA flD2 6 Z S NQ NC _a_

jn65 is -3n035' fL A 1.I A 00 -0-lZ -3424tfl3 :a_ NQ;~ IL -NQ5
106S 5 3mix93 J 0 1Q1 -n L I RrQIL N ID2t I~ NC AI

10671Q 4 . * max -.003 __t 0 J .017 A9 -1.006e IL NQ I I NC 9-S min- .,32,l Lz05 r- z'-007&' A 32653 qjjII 2'-L t 4mN, A.
10691 5_ 003 0Q2 -L ft1 -2 1.26- _0 NQ I C

A02,: i -3139 A -.A-2 A' -,nt AL Sf'A Zliz
1073 Imay -.04. 1 ± .02L A 174e-3aQ lC I1 AQR

IM L " min 3.136; '.'z05Sz o.0 A~ -2IAqqetZ A't;C - NAzuz 1 s A
107 3 1- ±: 1 021 ±.08- _r: NQ 1? CE ± I

44m 2 7A77 mix WQ h. 16 1 L 42L N
108 4:m ' n* Q4a1 1~i~s n~DlL A 1DZ .94Z~3IL A IAQIN

__ _ a f L I 00L A6 -3-46e-3&r, A- -N AI
1079 ___ 5z mfid --041 J_ .z0 102 A 1222 - 264t3 Nt NCL.i ,t .LI 9

1080 ;3'25- _Lmx Z L A A t LC ZA3 I L 1Q . -3

lQB21tfi.Zi mm OC Z004t 4':22 'A 9 .221 -12az-IL 43 ': : r'-;
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Envetope Member Section Deflections (Continued)

MemB f A ax W2- AC w rn It IZ Un Rag t
- win_ )), _Sj_ S7(06 A Ia22 it n77lt Qzlu A,2e361N .N

5B MU 3,127 _AL 0 1 1i ZABot 6t 111A 1C I N11 IA
- . in- -T04- j .006QL j 2 q -1 .257Q-3g -.U. NJQ~ . N,

M0.12110L mu -.0x -1-~ 0 nS S I t267e-3 -6- N -I- WC1

im2 2 = a 00 1f~ 0 1 1D .03 itae 6i NQ. NC I Q
1024 m ~ in :-1124 r -- M A 1~Q A ,-1 DIZ Li 134Sa3 _2_ Z gNQ A Sz g.

3os_ _ wax -.004 o 1l 1 .03 19 1-268e-3 _f)_ NC NC I A
1096 mt.z in -3124Zt A '-009 A 1-1z 6 -IA49kz3 it z CI.- 4A N&&-' L
10971 4 MaK -.004 _ 0 1 1f03 Ai 126IflIt A N 1 L
IM8~ .wint -312 _&L ZiD009 -4:1 t ... ,-1;" 63A22t3 ' .- 2NQ. ~

ilQ ..n.. -3-12 £ j2 L -.009 ~ i - A o S IL _Q_ -3-493e-3 _Q_ .ztL-,-,&NC :,-:-LNQ '"-~
1101 M1it-J = -.00 J-~ .8 W 0 M _L 1.232e-3 _L N 6i NC L

-13 __ _ _2- wax -.003. 1 -8 6i .08 _1236e-3 -6_ NLQ. I C..20 L

1105 3 max. -003 1 8 _O .0W _2_ 1,24-3 A JC L W.11061 -- AAI- Ni 6f~ i1z~li 41t N2
-n! a -3-05 ,A .t W 1 -01 6~ -A 443a A N L1

11071 4 =a -.003 .8 A id22 11 943P-1 A NQ A ,tC-- A
___ _nfl 3-1 _L 0~ 1 -'009 r, 31-t3 -2 L;NCi -L NQZ 6,

IBM M112~ 1S Au -03129 6 .022 -L 9224e-4 AB NQ _f N
1112 : '4- min -~2.207, 6i 1 1003... _1_, z-- 08: _L -2,567e3 -L .tC.z NQ 2-L, a,

IDA __ min 1-220 fL :'-00 1 SOL L -2.SZ9azZ it NQziiL
1115 3. max -.0031_ 2,9 6S A.0 9 tZO64eA 6i NQU Li 1C
UM20 w -_Jin .2,22 _Lr tnfL .1 L104 -Z5711P-3 A I.2. :"N z.."-NQ 6-
11217 M1. -A- wax W-0 -L 00 2A17-- 06_2 k.84-A 1i .N Li NCQ 4

11 ., ..; :_win -2J 97,tL x- 1003 _5- 0..z.. ±2 -J25e3 _j9i e-Zt NQ .' £Z C2 S:- N ,',-
M113 1. rax 0 -t- 32001 Li2 0OO Li- 3,519e- _§_ NQ Li NQB

7.,4 Ui2 mtin -2804 A zfi .03-O: .027e&2 !L- : ifl42 NQ
112 ,I 1. ax 0...t... .1 .0012L Li .003..DOL._ .3,521eA _L NQ t I O. 3186543925 Li

112A -D03,22zA .00 j" 0l8 . -127e3 _£_ZNC L- 1146 222
312A'a 0.. 1 .1001 Li -006 _0_ l524eA LiO ... fC a 159135 Li

11271 !Lt max 0.. _± ..100L Li~q 6..I Li 526e-Li NQA A.L 1SJB4 L

1131 .... fIIt.. 0. wa 3.001Dt. 6 1 .012... Li_3SiL N.Q _L 79418 AL
1M7 < _min_~l'' Jj 10103 - 3; 9OL -1 0i28e4 LL ffNQ _LiL,9,8z

113 M14 L ma& .002 -A- .031 -2- 3..105. -L SL4t NQ -102- NjQ~- J
1124 ~ n .0 _Li zW k.067L_2 3L10 NQ.Q& iMALi3214L ~ 2

1135 ___ 3. max S.3.. A .10J.2. Li .105 6i 1-013e-5 61 564.579 A NC12. Li
11M 4t max 04~s 4 -138 q 110h 8.0113e-6 A-E 151511!- A2 NQtiC

IM _ 7777 w in. 6- I116--0 LLff -1 1 12e-4i -LL 1008.3a4 t NQ,' _
IM 5 ax .0&51 A .173ZL. A 1Ii A,05- 5SQR&e- 6 281889 -9- NQ -L

m10£ in £0- S -D5:,. A -103 i -10~ Li~e i9 55,028 riILC
0il W5 A3-xt S 031 AQ .065. AL 3,163e- AL N~ -0 NC L

m__w in 676~ Li_ '-.03 I z±J17- -fL 35e4 Z-iC-e S:J NQ~2 L
114312- mux 2 _1 3Z031 -067 L A .0: Iifrz 6. 3092388 A.

mJ4__ in 1 :,24tz -L --QQ03~ J L'18' _2_ .f1165i .83 itL
r14 3a 1;;;x7 -j- 3D.031. A0 .07Q Li 6.N Li1545973, Li
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*Envelope Member Section Deflectianis (Continued)

l1461 min I S71 ±t InB~ tn S -9 te zNI z 8288 ZDRBA
mlX ax 0 11fim a 7 __2_ 3,153e4 __L t.N 1030-51nn t

IMB - min -6 A f1 .03± 12 159 -9.4e4- t C IB&S L t

t122 :"66 ",n S.lZ L ZDOL; 1 -2D2,2± t £3frid i j 21,41 L

215 mt- ax .002 A__L 6I78 D__ .67A Af N 398A 9 A
MA wi An Wi196 AL - D-022 ± -z~ L -28.9 22ke- -- AL S151 96

1155.......n 3 ~ AA Z- Q ±L 2-398 Af_-0 L 8-65e- L NG~z
JI561 t;, mA_ L,.91 _f JLBfZ~L 1978-987 JL

11571 4 rnx 2398 _0 .08 A 674e-4AA N AS 1319.1A
1159 52 ffin A.0 -' Aq AL 6L E.6802. 6 NCfA~ 6 M24

M117 I max --003L1_ 4 6 2.2 M4 6 BA23fA A AC fl2NC 6

JIM ~ min -. 2,835, rp -,J I S2'.;97: -Qa225t3 JL NGfl _J: 3167C951 .
mu. -.03 -1 1,246 6f .DSLA 62~t A9l- A1.C A -6SAi

1104 Mh. fl2.3 A -&LQ ±L S23;Z _ -3325e-3 _9_ .NQ,', __ 153-87 LL
.003 - 1,246 itt L A 087 A0 i-2a1pt A NC A--22,4 f-

Wmin -9l0 FO±- It - D8 AQ IIt , 791Q 7 ~L4-A.: L-'flt -, qSZ -3 Sf2 Mnll-3 NCL,L t
11M118.... 1a -.0 -j- .0 -9A08 13p- C A 9379117&

22min -3.086 & uftz7 .L ___235z -L -32535e3 -2- .NCsr 6 204 7Q4
1173 2.ia ..t max ..0fllL 1. &L... 91 .0.J8 6L 1.327e-3 NC. -9_I.... NC. -0-.
114 f l -308 -A_ L.7, - .. 3 - L -35356-3 :L N 34334L

311 MM -.03 1.04 9 .8 & A.27- Y-- C -Q- NC -0.
ljid -108 A.DB4 - -. '"174 .j61 3 -9lj 3.35e-a3 -. NCz. _6_l 520,274

1177 4l max .03 -A .04 A 1 088DS 6 1.327el-3 6~i NC 9 NC L
lilaE. - 'W 3,0ft L W-'17 6 1..233&z* m2 4 -539e3 -9L LjN~t r, ftZ - ALN;,9

1791__ 5 ax -.0 0D4L A 1 B 087 6 2Z A 397 6 C A NCQ 6
1180 1 n. ,7: Sl L 173 6z A M D- -3.535e-3 L C"". 6- -NC::-! '-Q
11D_11 tlq may -.0 J_ -.002 _1_ .087. 1,34- -t A 1 143.9 6

jjCiah- i ._2afZ 663 _Q A .232~ _Lqi -295e;3 AL 'UNC 6. ;53.8.:

1.1032 _..wx..~lt. D L Q8 1,134e- 6.t NJA&....2C. A 1911,339 f1M.8 w7777 inm 2' 2.flfi-a- .. .±tfSZ.. A '.228 j L -2fle756.3 z FNC." AL 842,7Z5. .

U10n 2a .007~ At . Z A -085 -.0 1,134e-3 ii 1L f267.01 6
njM2 -265, 1,±, '24 AN2A5Zt 102716

1187 ~ I 4 ax -.00 t2 _ ± 083 6 11-134e- AQ NC -1 574Q4
min2 6~ -. mm, 2.':M A- ':.5i- -2.975e-3 AL 2054t _____

LM1 l -L_ nmx -002J -. 0 -L .02L L 1.134e-A NQL -I- NC -
1122a cr.4.. rj~j l2i f A55 &f~ L~ j lC215j r L .2,975e4 1f JNJflj -%NGJ ',

1114 MR 1_ max -.0 J- .07 a91,27e- N

1.1931 2- max -.00~4 . -t- ... L... A .024SL. -9_ 1267e-3 A .. J I NC. ...±I
1194wn -±-3125z -L -4, "LSAX 1 t- .321Ael 3- NCQ- Al NC , A-L

1322 Lmax -004L A -S -1 1.4267e-3 ~X
1200 '-' win fl L ~D02SA .s01t L a~il7 AL L~ Z.tC2
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Envelope Member Section Stresses
- .Meb~L..iet. AxaJLks k aSbeadszlL i z *eatsIlt tlw=ksI Ic tBSoissi Ic z-o~ k z-ofkf k

L -A - -80 -Z .0 -0 -.245 1 i62 Al 9211 A J042 a
-2 Q3.24.. 1 -. 26.IL - --0~f3 a- 4-628 -E '.245. 1 0f429 ~3
3 ax .388 1 -D2.093 -t D.5 -t -.291 -t~ a,4 3...24 5- .059~ 9-

- 3 .a .389 z_ -. 9 -t .086 -n .338 -L 187 & .3JZ17 t .077z.. a
-:..; ~i --04 J -22 a. JL a J-.035- 9-BZ a1,7 1za -38- Lj. 9- a 3Matz 5

7 4 .t... _ .389JZL Z --.05 1 D.087 ft -386 1 .2-08L ft.3B61 k..M5L.
____ io.Q~ a.2 J- TZz6 a. 3 a .±no 8L j. M6 si a - ft

5__ max IZ3B.171 MRD2 1. D.7 61 .. AL _t 214 &_ .404flt _6_ -13
11........' x .39.2t 71 z.2 7. a .8' a .434 a .14 1L .534 -9.007i f

S- . - -

132_a 397 .2 L~ z .±0.Q8 kt -4 Al4 - 2J9fBl58kD 00a .2 L. 1 .... 1 1.SBL... ;. 09 4 122 . 6. '.AZ007 ..JQL

axLW lf &1 1t.fffff1
-14., --- '.. a-j.4 ' - . 6 - _Lft,7

15. 3 ax .33. L .8 t -. 9 -t 205, B -22L f .007Q& 1,16, rjj3 '- 04624 - ';06 1J.-07SL-206. . Q4.1 -07 .;

174max M37 19 7 09 6-591205B'6k
20..__ __ min 47146'~z 1 10611tz 1 z zflZ&2 - - JS1 a201 ' i.525 - I- '-*flL _t -. I r_2
19. 5 J max[ .394 1 M9 1 .089L t -.55 1 1,9Z4 a .711lZ ft .008t -L

__I__ ilan zD-047 062':D 1 -~l~l -;082_ .97i4i aL 'Z56' J_ 1.00_ 1. 1Z 61
Jft M3__ Imax >07. 7 SAfL 7 .089.. kt .556 1 1974 b- .673. ft .011 L

-22, :3 - 05 - I EO -~za 1t -'SD38Z 2 az1-9a741 I .flh1 1 -'i67

ii3 2__ max 299 1.567t 1 .09 ft -.559 1 1,769 1 .78 ft .011 1-'24 - 'nin '05 .. _L. '_ rnf0 1t .39t 92 Z L 8 ! 59M I zQflt 1 -~ t -7 R _6
25 __ 3 nax .29 Z .5L.. 7 .0 62 1t 56 1 .Af5L5 a .764L f .012 1

4m4ax.2 1 .567 i .2DI 6 6 L_ 1.3r) 1_:75 _ 0 -t..t. z0 9o.. z -:nsr at at 567% a- -02f -t L.809a. :a
29L.......... .294&zI .567. 1 .z.O4.L a1 Al~... ZW 1571.85 &02
31. MJ4 1 Max .183... 81 -n.05 35i 81 1a.157. a z.5 7 -0.f1 1 .76L. ft

122. -% '-":&-pVM M flfl2 I. I:- 716~ B_ 00lfl8: I. kz-0fL 1 15 & - . 6. k.±zflhl. I1
33 2 max .187 a -05 1 .5 a .21 1 J 83 c2 aS5

34. min ':-: -tlZ -71 .Z &Z "-08 11D& -At688 t z3911 -L :.015 -1 ..Zft322
35 ma 4. _ -0 1 a 211 1 3s5 a .tz

__1_1)3i .z02fl2 - I ,;0 ILJ&Z L- '08 IZIZ-- I A51A1ft--21 -L 0 1 JZ42766

max .09.Q-02 1 . 4 1 .404 - -11 a
40.wi, '-.022 1 11-j 8 a:L ~ 00 21. A A1 1 .0.19

41 M5 1 t..x .133 8a a 2 6.za. 072 9.n a .51a i 16 1.w -t~ _,st 572 9_.
42nnJZ2 -t j~l J_ zz'.%aaz t '1-t- i &1ta fz52 9 -'.02 _

43 2 R ax .1n34 .29 -0 .z071 a- 6,523 a . -t .029zt -L .569 L
'44 1 ' -" i-jo .fL.24z 1t -zf.t 13 t.082 LT _6_ "-, -1 16,523 D- '.-6L Z SQ-'2t :1-

3i jax .134. b 2i.f QZ.071 9 6,3 a .15.lL 1 .029~ 1 .57.LAL..............t -tZI1Z 1 .8 k 6. 15L -I i6.55 2 5T7. 21

-4 -_ *:0 -

47. 4t n~- .134. a -21i8 1 .0. a- 6-548. a .15S1 -t -020 L .571 14 axa .n . n4
48 j '0~~.22< Ij2Zft-.12.ZU- I 2.S24.81L ft 51j4 1 _!6t.Zt 2 1' 717.0.2

491. 5 j ax . 35 8 .1 .Q1CL.2 56 9 -14rI .Q22. 11 .5712..
M6 1 aax A71 81 nn' . M9~ 9- 6561 9- .4L a022At a49

53 2 aZ17.k_.05i- ~ .069L. k U-t -0.222 1 .493AL
54; , ;, i' : l 6j.- :'-7 j! 9 -;29J z'- :07' C ft 34' 1 &6.532 a £SASI3 -.L ,- (2

__5 _ 3. aax .1L1 B .052 -r-.0J6. 2 6,521 t .123 1- .0J22 1 .493&
Ea. a ,06 -~I z~i z.fZt -W072:3g.. 07 1 .&21 a8 493. 0~29 1

57.t 4 . Max.17 a 916.5 68 .111a a1 M2&s -L .493t £
fi8L" D.. .079 D7 tz. i 2Zzf 1~ 1 .tt Z7. 02 .1
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Envelope Member Section Stresses (-Continued)
Mme - .. Aamst Sc .xflflk fltar~jb twQslI YDSotsl . 1tI

61 ~ ~ M7 n 11 a -01 - -06 ,5 B. £JI .1 J- -17 -6 Z 308
-62- .!1 nin! t..05 . & 7 9_AL 1. ,76 DfL a -.11 a1 - L. - 155 j. . ft308 a rk

64ni!.--00 - 1 ;7 .- .z!aic a -' - flz.08:i -- 650 iS'-.284&9 ZD&2 "di -(L
S15- n nad .1L a 03AL 1i SDL. 2 .46. B& .071AL .14 ft.281 a68 ~ ~ ~ zA i Ii .Att0tZ 219,,7 ZS. L ifw7 B. .071, 1 !&s a64 2L -~ 01341

67 __ .... 1L.. 1 0 37 112. 1 066 9. a 41 .h A a 0ZL £ -129 -0 ..28 L
nin ~ . -- 0 1 z11z 9 2 .DZL- _t 49 41 -AU& -28,' SIZ2q &

69 __ m 5f~i 1a J6if" .03 il.065l 2- k,6 043 a_ J2z4 z 278 a
it.; 070 L'.. '44 --... a_ na.36 iL n 7 a Z.6 !- 124, ai

71 1_M__ma .137z it l. 8 076' 6,36~fl1B-.4 _t 23A .1

73 ma .17. aQ -2L 7 &0i5 a 6,8 - 03 _ .208 A .13t.7
-74 min._ SZ- ffi ±4 !-L214.* B 075zi 6f .- 0. 1 sIZS ZR AS221L

75 __ 3 a -13~IZ a 1 aDz .017 -t m72 -t .138 Z

ma 4 .a. a 1a&. 6-i.5 .064t a .n13 a- .004 -t J97ii A .136i Z
'7 _O -7 _-_ ma O b o:L.004 -& -- 1 B0& *- 136~ t Z -17 I

Al M9 I ma: .3 3- .034n t -063... 9 6,5 BIL -.08-n11t34 7

_0 __ 2 4aX .135. a- . 0n . a 5.844 &_ -. 3 1 fl J7 81 i. a2
84.. i -- -,.fl±. ; t ..... Q t .Z--2A i . 039 1 '-5,84 :--12R Z

85 3___ na -13. a 5,632 im -DZ....aA l . 06 L .1jz8 i
____ .02 -0 9

hio -. o~ --'-.22 AL...07 a a 06 - B 241&1 aZJ.4j
87 2 4fL. na. 134 A .058D.... a 52f417 i a 09 1 2 - JhL0

895 nax ,.133... b a .. . 9 a ,9 Bs 1 2 _Lt a 1 .197t

A739 W7 21 -1.40 9 65, -55

2 ~ ~ ~ ~ f ax .10 1 .055 A .05i 3_ - 0 -a,029-144 15Z.. 05 _____ ZZuZ -302 kgS , ia.Ii a _tZA ij- fL zt1A43 k
32 max. .03 A -03 6 Ogfl _ L .a . t 2z74 k 1-5Z4 2 1Ja.

- f 2.. a-
.1 1L -..- - -12-669

5 axTO2 0 a 0ea at .. 246& _ m1 4 z 2-0 .L 0,.
too I. -< ' 1 -A- .- 1~ - U -4 ~ ~ 9: -6tiZ

ADZ Q~ ~-rr- I--,D--.1-AD- 1.2BZai L2 1 67
___.0_.0_3_1 547 9 1.9 -.111~f L41 L.-2 2.a 18 f 2L.. J t 1A2554 ABift.~l

.104 @__ i,-;t Uz :t -t ,__.54 -t05 j24~ t Am6 A~4 i ill ftIBB 9
.ua~_ O' .w.2 za , 2 2l - 1 w2i AfLf .. ai

107 na .074. a1 sz...1 7 02 a .207 i 1.678. 9- 1.9t ft L k
iimi 01~f ft 2Q5 S.LAZL az.26Z a -O56, 6IA 2"41.678'9

109 5___ M .07 7 .n 0 1. ± a 207 .2iz. a U8 z 1,991 a
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Envelope Member Section Stresses (Continued)
J~mmL 9 - MxarsML Y .. SburfksziL zc Shzzb nm cehijjI 3tBllkSflH Z-- cLl~

i201 - t.... M -z a -n.02 n -2 -043. -2&. sn.a aa..a2 t
i_ ____ M13fl~ 1i LDaiZ - -1 1 .391I- .26 . fL 157B f 2Lft. a

-.09 2LfZ:'-QQL00 _QIB L-8 ;0D43l.1 zZ t -2Z3aIL1-,5. Lz
.122.A. x__ .243..Q2 1 ... 9L.. M6 .7.1t 0- .DI 81 . 883 f .l tf

3Ii_ _ _ na 2.A4L ... .01.. 1 40l2 6... -12 1..Z .1 -L .5 .222.

j2 ax .249.v. a1 .021. 11 .408Aa... A .. t -0 .089 -.. ft Iaa
i-n0 :- Al. CA!42D,.'- 61 9 L2O089fl .4 9 -83 Ri~f

130............. -104l.~ 61 ZZLQ053 -.. at .ZS2LzL t;2k 76 .8 2 _2L -1,7 k k
flj, r 0fl 11 a - 1 zj03'; rL.. . A.W L 1.ALBJZ

1331 .. 2. na 382... ~. 71 ... 0 ~ a 1 ft56 .352 t f3,372t a
ni 1 M,6 I...z -: -073: j -j'fl 157 St -jr 1 .1321 k

5~f - ax 38... 71 .58.. 71 0S. 11 -112lL 9 .294 -97 r.A~ It
43._ _ _ nax -38 L&... -15 l .7- 0...... 1 .-068 R -.236 ft 2-577 ft 2-208 9
;;2 .t.. _ ' 0&. z. ,07 -~i -t 1A 7 a Q2 - n= a ..Of& kt -2,20 a ,7

510 '- mxSZ -38 J55lL... 1 ffd02 -t L024 9- -179Di a6 112 2452 ~2it
M15 IJJ ax 551SL 7. J.55. 71 0 1- .04 t . 25 ft 2.18. ft .2452. a-
__-__ft .894_ _ u l A %152 fL -Q4L -. 2-452 9 :S-2,. ft

143. 2 na .551SSL7 .154. 7 0.. 1. .016D 1.46 A 6 ft 849 ft .. 2,533
144 1 ni zuQ' I ..... 065 1 -:..894... 46 8 ft Q I (11 1 ±25f3 a iL84t ft
1451 3 max ISSL 71 .f1 71 11L..... -008.D& 1 .All. jft .1-518ft 2-615

146 .t0~ I - i~ 1. z-.64 1 -,8fl4 6 A 1 6z2D -08 - -z2,615 - .a ft51
147 4_ nax .55 -t. -3552 ZZftJM t ii

0- - 06 1 fl24.S A .5B - - _t-69 2_118 6

.15la .znin lzflLJ 06 w5 122-2-779SR.:- 856 _Q
151iM16 I l.ax .53-r.51Z -289-. 1 .5392Z 7 t 89 79A

____ ni 0j...06 ':-478> .. ' . A -;5z - 094 1129 9 Azias. kt
153 2___S.. max 7 1 7. .278& 2 .. 1L 1 4.AB4 17 1 L ft 2-678 _L

157. 4 ___ ax -57 L 14 Z .2l9 2& -16- 42.37 L2 k 2,515 7-
.;,08 1 ;tw7 -,7 .6-. 7

16 2 max .52. t1 .141... 71 . 2B . 21 .3B 11 JO.171 ..01 -t 1-411 51

jb5 3 na SZ521 6 J.1. 7. -516.II2... 2 .... t. 1 A.1L 71 001ui. 1 JAI8 -0
166 ~ ~ .z~~ .zzDSLL.. A 1. 1.-S221f k c-1 S;ll 37 8 .- -- 4 - *01
167~z 4 zZl 5 6 -- -1 9s.2.tz .484 -41 L 1964&f20522A

-If&i r- I22z L.Z .tft..±z ± .3 if t', 1: _t 4224 a f . 4A51 -',8 I A 25a.'16
-6 5 naxI AM~ ft .123.JL. 109 -.558.. Lt 1,863. 91 -,6

To I q, ~ p- -033z~lL . -1,450. 1~ ;-.9 L- LA832
1. M18I I, nax .518S&. ft .. 0t I70 -SL. f5 1--1,6

.72. 9, - -1 -1z863&k
.173 _ _ .2 na 51 6t .61 67. 17 ft2 Z

174 ~ ~~~ W4. ft9 --2 11 .
.175 maxI A51 . 161 .12... 161 .631... 17 1,86 1 IJ24L

176 _-- 4"_ 1.jjiL... .Zzffl
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Envelope Member Section Stresses (Continued)
.Jrkn...ez- .&aeksIL t. zzheadlksL I zSeaxtkil hr UDl kt- t~U~tj

177 4 L..- f...L -An...Q 1 .0l43.f .52.. 7- .449 -80£5 9- 1 061
-MIL Mini . 1. Z It ' uL&-51 2 4492 1 -t£592u Z. 4fl21 At AD1.85q

____-Min_ 2 .,-1 iz-112 L '- m0.52S :.4122 1' _t 55 2 .t-1l606ft 4i787 a.
J yfl Ji na .503: L. -14 . 9- .12 -2t28. 1 2-294 7. 2.01 _5_.02 A

- - ~ ~~g;2 ±..7.Yq4.,4129li -2-224t 2_286 -t2, 4 2,01-,5
il n_.ax A498 L 2.123 9 .113f 4-Ud24 1 1,532 7- .3 -L5 .32A-

18420.' 1z2z 4ni 213l~ -1-532_ 24 1 -112 4 -31215
185 3 Pax .494 71. 1J 0 . 29 .098 4 .861 1 .88 71 .701 5-.71 2 1

_UL _ W n. .49 2.J0 .089 9 2 1 4.9 _I2 130 7. 12 5-
lai I 0r; LI~t 4' 0 LIDZ5 ', - :-02 5-33 , v1.9

-12Q-~' ''', j.w ~) c: -02 A -- 06 -'14 Z 17, t 27L 5.z±23Z,- A
j91 M2( 1 Ea **588f § -QQ09 .012. .014I 1 S100. 7. 1,015 4 1025 -5.

nin &2 0 IzStL I. 1.1 4 MD1Z007 7A-. 101 A.02 5 IA4fl015
19 ax .585. A. --0~21 7 J02 . 15 .S54 -1 .i47 Z. .946 A .955. -5

______0 22_ 4. Z J9z 1.~QLz 542 1 -9Sfi5. 594L I.
195 _ 3 M.. 282. 6. -033Z- 7 03 5- .24L 1 .842 7. .836 A .8243 5
AK~ fr& ft 0:-j n~f33 1 ',''-;.33 J"A .87Zm84 12 --8f43. -:836 A-

19 ax.7 6. 0f44, Z 4 .04 AS -69 Y2L .68 AL .. 89 5.
Min -, 0 - "LZ2 044Z ifl~ I AOSL4 2 S:695 1 -69A .68 A-8

20() m i 0 z J_ 0t~f56 1 -055:4 --495 7142 3 AS I.42t 5-;:4
M21 I~ j axl .576 6. -056. 2 M5 51. 428 11 -4 2.4 419

- " SlI. D.i. 1 s~ z41 rl2495'± 7 -49R 1 t-494; 51 -:42 4
2 ax .53 -067 1 71 .066f 51 .. 25 J_ -,2531Z 2. 257 1

]]n .0 L .W, I I -:- 2 5 41 2251 7 -25 _ .27 -- a2 4
32 . nax .5T I6 1 -.07 7 .076 5 1 -.ol- t .04 -I 2 - 4 .022 A.

2M2 4 ax .56 6t -n. z7 M7a 5 -. 67b.36 a a.34 5-.34 -4

209 _ 5 mx .55±f 6 22 2.0 .097 -L -746 6t J4 1Q 70 aO

211 14M22 1 max 5t5± 6t S079 1.07 .746 61ZA 7.48. 1 .706 5 .7042 4
211~~~- I..li2ZiL ZS' 5. -748 11 'Z;:74 S~ 4~Z~l

- jmaxl .561 ft J64 1 520. 4 387l .7 f302 A .373 72 AZ
21nr1 6AL ft L . P. I4 I '-:;i4L .J

0-1. :f-'-06 61 ZZO4S-ZZ 5- YJSD - Z.-372 ~O&

-4 Pa 055 6 23 11 .033:.. 4 A11 z -A.1 I . 089 45-
77 - - - m.L!z 0 . 61.flL ft 2fl_'0 5 'e±If 1 t-.1 11~i 7-O~ . .22

5 na .2L5. ft .S2. 11.01 42492 7 -248 L .219. 4..218.5
220 ~ ~ Z2~z mi 0 ':; _L ap *2' 019 _ 24 J_. -A2491--:Bh.21 A

2211 M2A3: I. max .545± ft .. ... I. 0....f.. A .318L 7 -~318 8. .28i. .2 ir..
222~~~ 318 .1*~Q*~ !M Z' t""2z1-~ i L .286alb4

m2z. ma .516 -1 01. 5 .279 - 1.279 .253 5
22. ..... -.. 5Z t f ±.2L . .49L 1 zzi9 1 4 3S .5 1.

32f Z2 ... M7~ 61ri -03tf 1 .027 3 .t1665-..16 BizA15 A~
222 na .534. 6t 04L 1. 041 5 -24 1 .024. Q2

S ____ .5 ft -06j j1 054~ 5 -28 1 ?A() f .261 .51
flQ-->n A.7 ~ 4 '-26'Y fi.5~ :~ij§

232 ~ n 1 0s m±~~ILt35z a5 .t032" A -- 289- 5 3289 t_ L2ft 4 51

L2341 ma ,flf ft-... 1, 8y q. 'fl Ii .fL ftZA L 2a
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AS-211

nii :2.- ft 1 f.00 2 D &. 4 008 . .D 6 ;02 L 0 81 ..fl081 ft

Mc2 1 L. x 2 . 52 ft M B_ .026 -4 -2. 1 -t 12 -6- .106 E. J07 A
2AI 2 7____ -58lff §- ~2.018 A .02L5 -1 iit At .zI 1 SDL 4 SIP 018
244. Mini_ 2 : n LS . 1t A017 1t _.15 . 41 -'-0&21. 1 018 f14 .. Sit. 1.

-241 init. - ':' 2. 4 1t .004 wt Q.00 4' --M3. ft .D21. 1 :-s21 :;09 . 2 ft
247 mx .583 6 -_O A~lDz 1 .02L .01 -D&f .~ SL 4.1

241[ ____ 4 0: J- -M8z. At 70QZ, -. 1D & S02 -.2 ft ;Di 1,Q1 4. ..2-241 5 a___ 02 A 2 A -.036 1 s047 -L .05 f 0 A

2a. 777=OZ ftn L 01 _t.L.5"Z02 AB 04 .25'.0 1-fL 4...045f
25M62 ax.0 k~ -tiZ.01 ZA011 88 A-.5 - 2t 37 .z412

2. - 2 aax -515 fi -. 37L 1 S7 J 61 -4552. 1 .457A 461 f
nin. -.'-s ZL 1 037l2J 1 25Q22Z- 4A zSSrr, I 7V 6DZ ft 41 3-fl ft 7 - A

255. ____ ...L mii 'AZL 11 zfll 1 &5i 5 5 4 ..143 ft ;; . ± D& . .222Ma -& - 5 08
2Mft4 -'zuz .527Z 18 -086ih 5. 078L 51 -.348 § .42 -t .464. ft a46 A-

-2U 2 U . 1 L io 1. I .. .... -t 1t 1- 4 2 1 .25 fL _tL f. 168i_0 4.23A 1-09
26 M7 lx.565z A z .1 -0 z.04z 4 -.208t .25 6~l .17 5i~ .16 14 f

_2a nn 7 7- 0- "-7 041 i 5 - 5 C M _-6

21 2 2x -NJ. rt -02 7 t 028 4 -.009 .003 4
LO- -'' _ ,LL)2 1 nz.D31u -. . Z -0
Maxt 1.fl 558. f. 022 6 .014 A .1 - -.11 -... 107. ft

D7 ma7 0 -0 -1..J - f -A6 - .144 4 5

_2f& -, ,Iig :r) )a !, - S 1 - 88 6 '. 4 r-14 4

M1 s4 & t mx 5 5t ft_ -08 ft- A11 5 J97 ft -J411 1 .113 4. .J. ft
22 _ _ ,n Z2, Inr rnu012w _ 1 1A~Df~ -4 6 _t 17A '- 114 ft -i ft 2 1 41

_Ma2. I maI.55 r2 -.0 A .13 __ 18 -14 _2S i~ti L _13lt4 .114 51
214. ~Mi -«,ZL1z L I fr.22 1ZLDL 14 !J87 I -t t.14l f5 -.z113 &

2a 2 'Ma5 547. ft , AQ L ft r .S Al ft...jit I A Lf1.A5..
224 :" [0,. D .. 2 ft .28 -:4.6 - 2 A -j1 (L-06 r -276minox - 4-

-8 041L. 1. . 4 S-'f 2 t -&0 4 -z-1 19 ft -037 1 5 ft -J49.45

1 6M$ W'r0 a05 nzt -54" 411 6 96Z* t .1. 86 :2 t.7383 _
2J9- _ 5Ia 56 _ .6 tz~Zz n97 S~ I - 556L ft8 z- 6 4. -688 -4,

min_ .- Q 1 .ZZu556.,ftz Ao is6a8r jnaia a
28 M I max .6 .09 a .05Z . -.556 r .68 4 .88 A

4in -1 1 , " , -I - 8 8 ft -4
f ax 53 6 08 3- 4 A -279Z . .43 1 4 4

Max .521. 47I 7 ft A

ML 4 max !2 .067 3 &21 4 . A --067 1 .011 -Z 4.017r f

min _____ Te 1 1 64
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Jk bL ~..-,.b-5J sLI r'bnrW69 _ agUt -.83 _ 647,5 zBQ ' _I
2.U _ 4 *Mx .514. a. D09 fl 8 A - e.2 k -.809 1 .679 A- .683 -5228.fi :_ _ % nn -0:! - - J-'1 008zz 5- uS ut 80 -ft i-93 z t ft 83L .~ lA A 75 ma .01- -5

222. M3 I__ Mx.. Ai.507 D104 9 4 A .0 L-781 .5 -. 5

2Q JMjJ aX .507. 16 003l 2 .00 41 80 -0 .77 1 .65 4 ASQ .5_Mi zt. 1 00 51zflz 2.I7( .a'Dz Z8 .90.2t, .5
n- 0 A0 - a ; :- §- -5 . -655

- 3 ax -506L _f .002. 2_ 00Q2. 41 9SL -.7 -Z ..
Xl - . . JL AQ 2 -L ' 0 4V. 5 A:L78 1.& I .8L 4.SL

4 2___ax 506L k .001 1 0. I. S L -.7 -.Z t 1 X.56 A- -66 5-
1310 >t.tvj;>t :7,zz M01 2. 0?op .. ' ;.8- -t ;-904QLb- -;6 ,. a 56'5 ax .5 . A 0 - 0L 1 .904D& A. .781 1 .6568 1 .6BL A53121W;. ,0" .- L .. ? ,. J ,-0 J 1 ft8 '-Stz 1~jl f V:lO31 ±0, .D826 4. S -AS

42-- -:0.I -- 2z 4 --10 B_ A03-. -n089 mA'A
3t 3 _ _ 2T iax -52 A --- :-01 51 011 5 --107 1 .108it -0 M3L A .093L A
3_ __ 3 max .52 at .01 . 5 -012L 5 12 1 I.Jl -0 .097lL 5 .097D 4

J3-a J. ma -,o : f- t nza.014 -( 2i.: A -J124t ,- 1 A097LA a. 097t 71 2D
nfL 4 n- -55- 1 -.015 -z .01 -Lf~i. -.1 1 5.119 6.i A Sl17,A -
-323 5___ . max 9;25 A _(1j 5 J014 4 -.123 1 j 24L 9 -106 S, 10Z9 A

-ir ft6'i 01 tfl A ' f'1< 24,1 ft 1 iti1 i A 4-.220L 5

321 M1 ma 1 a 4. 1 JA85 1 8 IW ft 4 1 3.05 4
WN .u0 _t 7. 173z. 2 :zQ%,00 _t .656 f- .ADL 71 054-: - L

2n jaw n .11 a .05 1 .16 . A .441& 1.45 6SZ 13 1z1. a 79 4s
____ 3zz £a .1 2 .037~ 1 .147Z .ASLf 1 DB3z49 . . 5 .63A

-ann7 7= .. . -Pa wnS&Z 1: MO _ .215 L.-zZJDZSI -iZ8 a0 -0 i I. Q 1 -122 4 5
f1lJl 4 ax .119. 2 0fl6 1 W127 A -Z1ISA 4,71 .063. 132k_ 236 L''J. 1,-.0 -4671. tR 1 463'~f~jL£.. 1 J!77iA.

329 _ m ax .119 21 -005 1t .... ,a 4 .13& 11 6i2t 12 ,149 t. S03 1
31.- 11 -LW1'2O1 7 ,'-005 1 6126 1 - 1 c-;0 -1 A-14'

M34__ m ax t. .5Q00 1 .10 .A 2 -. ,12 2 566 4 MRL- - 4 0 1gz&BLA

a 4 2 - 12f062, -261 622- tZ0.Z42j Izz~iZ .tL; 1 >- a005T- .249:i~14 2_t t,-aM aW 4
337 4L. L4 nax .144 2 -.008--1- .106_Z_ .123&L 2 ,1 1i2 .6i82.5 1 .001 1

nai.44 2, 009- 1 A0nm 2 1 &374a 2 7~ A245 t4 L 1

-31t M5 I nx .1- 2~D3Z 0 6 .10 z2 1 Th.Z2 _t JZ 4204 -t178
343 n z. a6 0~ 61 .106 2 A1 -1 za 2,7 -Z st i4 1 1.55

n4)Fr' jflQ)03- 1 D8L 9 1 DO £LfiL I 637 ZLD 2 -- z16. _L -1155 1-: 0

342 a .1a 2 .17 20 .107 Z .14 1 . 2 .051 -. 1388349 5.- .tfl .16 2- -c.004fi tzf it .1t2L L 7AL A06-i 103 1,5ts Ill_ -6.3. 4,J 1n. ,;.a.. n .z a ta a La .~a
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Envelope Member Section Stresses (Con tin pod)
.Mmben. S.ect..sf y .Sheaf.ts 2Serki t t0anksil vD80t1kal IQ t~s zfto~1ftzjI-

ni -0 1 --z5OL 1 00 Sf -.. -t S32&. 2 Sl04t 1 33 .5 --08
3___ nax .154 -L . Z -108 L.. J02 .A L I &fl& . -08 1- 3-2097
:'..... - ..ZAZ-007' -t -- 006 tQ'0052_t22.f-2682_- 1 _I-3.9 _,*i~

r -i i o t ZQSL 1t05 - 6132 -9:- 306 -Oz--
361 _ M37~ 1 :'jlxtj .3 7 2 2 1 0 7l~ .09 145 -153Z ..02i .5

an.q .. 1. ±0 .JL. 00 aa... 153 2na a-,9 Ja a 348 5-z a. QQ 11as
2___ 1ax .14205.. 71 .0413 zLS .11AB .089Z... L .. 522 t....1 18t5

W '-Qjl~. ZA i 1ZzgflQ2 - .C28 AB08L i.1018l ,12- _t
36± nx .148 7 .201... 2 .22 . 1 0 . -L 4,66 a- .142.. 1t 2.494 5

1 ,00 1.ZOO. .00 A-6 3_ -m,08t 1at -249 5r -.142

J~ ~ 3 ma I. r...IL.... 2.. I. zsz.a.JBr J
371 ___ M4 1. 1 .5 1S0 2 1 .0 1Z S 4. 14Z~ IS n 2 1141 -06 _
372 MAL.f ir 4x 4IL. 71 -223.. 1 ,937... -4 A-14 I1L-431

3731 2 na .113 S..7 1 00 A 2-0 1 A I . 702 Z .3
374 12 mi 4~ 1 ~ ,.3 71 -fl23 3. .±DMi. A. -1SQ095 5 a 3'n

_3M 3_ mai f24. 61 JZL77. A -041.. 3- .. 58 -5 2-103 4-.0 2 .304t a
3M _ 4 Mr, 11 _,p2 S -041z Z 2J 4 -!.55E 5 inta .1 -.0LZ

37 a, .1 RDI .JSL.. 4 02 3 -306 3_... .8..5L4 ...076L.Z __9.P t$_

.379 5~ max -01 0 - a. 1a. 0 .a . a 1.aa. a. -t.n.. z 1a~z
,i 4 i mx A.167 a . 046. 1 04L 41 026 ID L

3fJ."' z'min±d 0 87 i 1z- A 2155 -15 -3- X n~.aa 79
383. 2 axId 6 .36 J 04a113 5 .1 J_ -,6 _2. L --Dl1 1

384 1rnid-,-Qs .~ ..1 -,;M 6 .f '-20 51 '-28 - 3- 05 - 1 3-T

_an1 3__ naxl. 1 6 DW .026l.-...038 41 -11 1 I5 ,0 02
-3M 'in ,Q- 1-,,,-8q4 t -J9 1-2 251.1L 13 _t fl a12 1-9 06Z

438 .L a...15 1 3f1t01J_527A 1,6 ZfQL ~.009 _t
At<A ot I ,"94 6 11 5 AzDOLI -. 4 _ <1I - a1 2

=3j, yn ; AM t mfr--, . t SflO I ... S.4 _6Q -4,123-L .5 -8372A : ' -I L0 1 -1192 1

r19 - - - a 71t2 t

Imin !;- t.- - 5.fL ft' 052.. A_ 'O . A0 -. L I . _5 -02A --171
39 mx .26 t .0 _LE t0 41i&Z _Q251 zflf21 1 1 -02-

399 51L. .L.. .66. 16 .Q2.. 1 &01t A- .003&9 1 .4 -3

401. - - .432. t .02L -t A.0 . A -003. -1 9± l9 A-,6 -- 06 -

03. 2 na .~433 6f 00 --Q -t 1 .018J . 004 -t 9,71Q2.41 7.7
404 -469 ______I_

4051 _ 3 2.x A33- 6 0 -1..004 &1 9,87 2 I37-Z i.076.

07t 4~~j J a 433L. ft 1Q f.016 A- .004 1 102039 A- 2,23 LQ-75 -

.12 " -a. t 1 j 0 . a -'.156' .4 .00f4 OA0t4 2,29L .075 J-&
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Envelope Member Section Stresses (Continued)

-411 2Z. 34 ..485. 6t Q.051 -6- .014A .004t 1 10188 41 2A4Lr Z1 - a

ninia 2...BL.- 1 1:079..175. Af1,17 IfA f 0 4 - .099- - -28 1
-41L -a .4862± 1 49A~~ f .0135iftd A . Z045 A318S~ 1- .0981
4.19 5 nA.... .487 ft .048.. D .012.tL.. 4 .004L -t 1.0,142 . 2-256 7- 08 J

AMW"----rr ,03J 4-,M 2± -- ftDA . 132. 5A.142 D0 ID A 09 _.-2,256 1
421 46 1L na .44t ft . 6 A55... 4- -.047 1 9.0 6 4. .0~8 1 4,57 .

_42.3- 2. ax .468 t .2f6. B_ .147 A -42. 11 X186 4. .089DJ_.,18 A_2Z-42 Ijflfl3)7J 1.: J_ g.. -I. ZD3uL ft -82386 A DQ42U 1 4A183 4 .flBL
-23 ax .472L 6. .2.2 ft .14..C. A .038Z 1 7,151 M9 1 3,789 A-
-421 M M- 2ax ....AZL..2 ft .!: .2:;. _t 086... . 7nat5 i. it..a038:! 1 -3,89 A a.-09 :J

4 2ax - .47 k~ .28 1 L 5-13 .03 ~1 7,111L .08 1~ 3,4 B.arz
mZ ax A.8 ft 254.. At .25i A -D.0 j- .l504 & .0J89 1 3 83

jIL - 2-.6

23 M.&t. ia) .029.f .-148 .1 -00 1 .- t 1 19..22 9. .77AtL 2 .003l 1

4AM ma 4- ..-- 1f07lz- D- -7-028t'-3 3- . 2_ .D2 ._t -.674- Z..~Bl

.- 7 4 m3028. 1-.152 1na 002 J291. 5i03 A Z z .D81 a

4391 5 nax .027L 16 z.154. 1~DL. 1 -341 J- .6l -.485La .485 a

4411 ... IOh 1..L. 2 .0f27.. 161 .349. 7 .051 3 .341A -1603-7-05-8& 2 ..A85 3
441-- _i __ -1 I rn051QiL. Ziit 21-z80 274 1 _;-.485 3 a.485, Z

443 2 max .04 11 -3 2 .0~38... a1 .zifl 1 .9L_ 2 .273 2, .. 23 .3
4".......z 11 -nizzIItM 1 ffi,.03' :2_3S& 7 .zJlf1 1 .27i. a -7,

4451 3__ mla 0D2. 61 222 2 02 3_ -04 1 2A4 721 2L a 2 3.JZL
Adi- t  0 1j -a*-1j017ljj I' 1z0L 2 .24f 71 Zf048 1 z~ aSZ

447 1 4 na .017 n z.0.. 7 .013.... a s 1 .934a z . a1 .03s. a

-45k ~ ~ __ I- I ",0lw 4 f-: i '( -j-t Y;.O 1 A 0a 1 . 2 ft J_~ ;I 0,*iz 4.

4a3 2___ max 515_ .013.. a S... 51 .917 6.79 22L A..ifL .671 5-
454 '. c.:,nfst~. -O3%ft.~01t. 22 i.JL ABt 2667LA
455t 3 max .51 i8a.01 a3.012 5 .912zl 6 -. 8 1. .663 Af66

456_ >< ....... . .. 404 5 4~~~z± 7A Q ZB 1 -I L ft z.667 i 5 S,-63z I.

45 - 5~a a 5fQBt.1 .1 91 6 -. 7 1 ..65LA .658.. 5-

46 M2 nx Q J_0 10 1 0L.1 0.-- 1
A.4, p 0-. -,-:-v'? It I-" i 1tz ± za ,a -'1 -

463. 2'-' nx ±002' 6.1,Q 007 _t. ()3 S-02~ 11 s002 1 .001f k 001r 3_
A464 - . iD 4. fl0 . 7 . 007:t.,. 1 -S706 ft .SL..- 1 n2001 1 ,S l . t A0O t
4651 ""a> <-' 003 aL tz L 1 .. 007' t 6z&01 1 2&01.ZiaQl f nnenfl005

66 F mn 003 L - -D;0 i J_ _1:a0 L _o S-051 ,0.
671 4 ta .005 17. 0l2L t .1L -0- -.022 - .0223 1 .011§..01 t

472'L00 61~ 0.lLftf2Lz8 022aza~az zfl3i 1.Dt s 01 h.'f

AI 2l L.. ! '2.02 171.02 S L -01 §kl t- 03 2 ... 3L AAq A.01. 9
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. I.

- AAOU-L - w *-e t -tktq Ie -WWI MIKA

474 1 inzn - Iz1-028 4 -znnla - -47 - A .02 71 -_028 7 01 . ft -. 048 .024 ft... . 2.

; -~ - -. s D aza o za n - z.12a-.

476fi! in. 1 9zP2 a" s-' L SD5 I 4 a . 0D24 9 2 ft
47 14 a _02t.. 7. -_02 . Z1 -014 . kt .z . -02 .6- . t a

4781 ~ ~ * :r i
I -A-4v_ : 04 k -.5 072

471 a n021 z. -0f2 . 7 .&1.. z. -a.05 .02 k cA.. a

4811M55 ax 021 a7 -029 a 015L a .. 59. .029L k .029n a

jx - I - ' 7 1 r .- I MTZ B

-r t -* - 11 -2 1 - ; M-

-,3 1 a . a M3 . .01A L a .144 2 LI .072 k

4 -51 t a n t. a 191 -12L- a -.217 2 .236 - -. 10 a

4ma .r 1 43 40 -. -

.481 -S. raid -4 £ 905 1 14 -S3 Z *132 _t .785L. .f54 I
4911 56 I na -- i 1J -I 4 S2L. 0 1& 4I 3 . 11 ~L 1 55 9.A .l05. _L

42 .ta -. -D1.L~IL.A2.DL

-421 7 , ____ z ,2 2. .2SZLS2 '_& LS.r'0ZL .L tiOlrL -17 ZA 1 .t 03 k'-4t, 9-
_4K 3 ax -M&L I L .933 1 0& 1 281L 1 Jt 1 . k .082 4

>i......' 291 12 Z 266 713D z & Zl3r 1 JR:l I :2.Da 7. 082, zL

4K Z 4

_4a ftt t 77=&I t.nifl i _227 36:- 8r .32 8 . ISL m2.On 1 4 :,'
49nx 1 1,096-LA 15 jL 3 .. 244QI 777IL.. .L. 1' i -_0 I _ f32 A L -.04 I f 15 _t DMON, 0. 5 . A2L .003QL -

Wa4 a - r I &. 1 L Ii.. 7.A.L. fjm->ircVJ; i85z Z. ztQ _32zT, J_ t. 1fl4iz f 298 k± & 10,-t '05_ -- 4! 5.i .

3OS -ax 004. 1.~Qt 523 171 0. 1 .064 L .93 6 Q3n&.003
____j 1'~85~ t±D7 S 111£ -,044i 6 -..936 F; --064-1 40321 -33&..-0

ML 4Lmx _ tO 1 569.. 7.I S.. 1 J1132 _ -. 4 b -5AB .00 A-.AlD
.5I.4 t.. Si; - -15 0262t 11 Z±VZL.. - -. ;04 a -on.. 13- 42Lf SL75 2

.51 5 1 mx.0~23 Z2 .2 4 09 r -09. 09 _ 07fi 07 9

IL LJSLm in -- 4 I.JDL ..S5Lfti' -02 flo -t2
ra n? 7 -029~ j 021j L 61fllz __0624 A05 .iz(l62

4-.!06 _t. -;a, 062 L~n 044'lf~

4i,~a. t. sja .02 a 031a . 4 .- -§ -. 7 t. .075s 1 .0t5 a .ASM3 2
52 i'± Z& .z 1 5 ft02 -2 .2iX 1Z4Z LM AiE9 a 053 t-

ma I 2 -s 05 1f J2 .tt -. 4 1t a1i53 4 5Jf74 a 69 ZJ~
Ilk"o 01A20.4 A~13V -A f'-' 4z R -04 .. B a2 52

01 r,- 65 10 t 003 4 ___ 1 1 4 I2 A - 21 -_3 2
_521 ~ooi A 2,a~ -.127 A_ 0 - t A435 -2.319 a

52 na a06 -.04L s.0 a -n.. 12 sJ5 _Za azst',02, a 1.i1. 7 1-;A I 9 10
532__ _ ±.l2z f .f28S 2_ _ 2.12 4- .02 1 _t D3 2j75 .L1112..
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_ULM60 l ax .117 a -06 B. .16 22 .4 5 2 2 Aah.
__=_ 0 1D-., -t -~f~3 v-c5 a4~ 5 4?,-:8 31 -*7 4

2" M .117f~fJ t -027 b -1 2- A0L8tA . 5 2 0t £ 2 1 A5 3-~
31-w~S; D '-'162 Z a- a- 40a fl857~..

34 nax -11 a_ -6 J62 2l 1.. .383t A 1X035 -t 24119 2- .152

JUL 4... lax 118.. a -029L 1 .163 a .359 A 1,081 bl 2A18 2 .. 2 1-
-- :4 .ni "-09i ft 1,1'k64' - 1~-56 7- a_ SA 01. I t-359 t z 3_ :-2A 18

Sn 4..i *Min A~l5 ft 1 cwh.166 a1:65::1 11-25 z33 42Q -~.3 L 2A22

_53 2 ax -0 j Q fl QA ~F 1 . Z .319. A 1J18 240 .... 2 2 1 £2L
71t .2~1L. ...2L. 15 &1 j. 18 -319;~ A_ 1 i . _IS2.08 Z

s453_ a -06 9- .08 8 .D1L. 1 .308I. a 1245 Z 2A69 -Z .28 -
M~t--' in -. 491i 4- !L22 I C f159 1 -V3 z281 -46 2

547 __ 4 max - i6 2_ . 5 .167z Z .333A k 1,342 z 2,531 a n.. a
42 __ minLT aL..i. ..LZZ6aLLL1 21,54~l 2 : . L Z33 BL~ t ' 2T3- 2512

-211 m ai039 7a16 -A2241 A 1.441 Y 2a9 Zit .S.3572I-
-j M6 I .. S~ ±a ..276il 4 IS231z 2.1 zt1 i .35 A Z 4 7 I~ 3

-5Z 311 ;-"055,,-:1 042 ~- :-.0 Z f tz 2 Z 44i:1ZZk -039
_5,U _ 2 Max .27t A a2 .& z --M 11.n7 a 1.357L 1. 1,775 .fl.
-. 5a _ -. i -054s _t 4~2 S 2 '5 - -- 738 -aata LIM.z555 . a 3 ana . a27 A- t a, .017, -L a ,41 A 25L 1 513m

max 974 a 1 a -0 1 a A 10 4

35 - 5max a.74. .2n. a a.01 a A7422 aL , 2 . 1. .9 2 .311 i

axI .22i. at .s. : 1 .072 a '!-L 527 .nna& at .saa2 a ,...... a8
2 ax .29.9 2__ 07 .Z 52.. 331j -Z.086 -zZ231 A .807hL

3_ _ nax . a .68 Z .04 . a 4,939 i -.15 aL 011t a .525SL a
Sm.g~jn in 0443 1 zj,,lj'J a5 -L1:; 4M9 525ni a £.22Z I SDSZ 2SB

six 2 ±, fl, a..sa nm szx

567. 4 nx f27 21 .67322 a -063z a 7,609 a -.223~ J- -. 6 .283L a_5a .&4Z a ' ILSS 22 1 4,609 .1
5___ - la .951 a1 67t 3 057. a Ina.. . nn a q nil a 42z a

57 § TT72Tniax.- 29 0 4 -. 292-t ~ ~zaan at 1 .51 a- 12

- 3~ max .327 a 1n .04 3sa aO z2 i09 JJZ n i
.g -w'....32at: [1 -599" a, -, Z % 410,803 Zlili292 e1 -sa74-aanna44,

-6 1 m ax a .031 -t .042 a -n a2- 14261 2 a67 a3''zz.-Ijminl rn,028 t1 .z.zz a zSDSL7 2~ _'11 2 f~ 261L

m2a,. 7 n1 a 2a

4 ax -43 3 02 11 -02 3 -. 5 _1172 .91 -
02 - 1 '-1 "'3 - J - - -2 , 4 17 Z

1589 ma~~~x .1 3 08 11 _4 ?9 - .I5 -7 .. 0
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- er9- Ii~ti t .Skeadhs ctnki~tQksflt MaaszfrlkiltBORH ON

M n~n -.-026 -'1 3 m n05 -Za1tna92 '249' t -.905 l1 _
j01Mj 1ll nax .31 2 38 2 2 a- -.249 it 11u15 a 1685 2 1,563 3

- j a 221 3_ .07. Z 2 A... a .93 t 11-4 lf 66a4~i 2, 1M54 3halmi ______ A 1Q045 Z. 2z:a± ItD,: 2 3 ,1 -t -1.54 3 -1-664 2
..........4 .392~ j_ >.06 2- .04 Z 1 a21 -tf1Z32 Zi I 1,643 ZSiDA 2

Jim _ zza 2 2t f.0 a ZL 93 lZi 22 J. -152 . A.643 Z
597. 4~ "ad 324.2 .. At0 . 2. 02 . a -194Z 1 10,818 Z 2 1 2. 2 05;L 3

5 a- -39.2 2 .305 Z 042. a1 177 1 10-705 21 J1 2 xm 3

601 _M67 I S23-N .341 - 1 zS.042 a -.177 a 1s1z5 Z. 1,692 a 82

-OZ ~ ~ .n. a. " n . ..nni -09-I e03 I --57- 1,0 a, ~.7, -1 ...682 2 A.-
flNI (- .Lo ' 1O;VS TM t 1 -2401f -i .4 057S6Z A SSS&3, Z -. 221 12 4 3_SA 4.0 Z

607 Mft t. 4 mad.361 1 AIA97 2 052. 5 3245 1 -021. 1t ..J02 1 .4L

611 M68 1 ral.34 1 .414 IL M5L fr2 -.25 1t JAL2 t 215L kt .129
mg.z-,i1 9- --j-628" t 'SQ2Sz- 1 &15

112 r4 .33 7 .32L ft A.064 _0 .0391L 1 .141 ft .257. A. (141.5L .7
_tfl ' '06" _ ZL.D _t A,,,013,_-

614MiA::Io1 ~D L-, 9- .02514 1 !:.03 _I .52! 217 -'-A 95 .A L&
32 naA .334. 7- .364Q&... 1 M..iL.. 1,399 -22 . 2 582 -t 2 .07 1AL

524 ~ . .. ~ Wfi4() 1 nrqtL a .z9'tz () 22r I. £45 £5. 2Sj
M4 ad .33L2 Z .35 1- -056... 1fi .758. 2 .4442 1. AO . 09.. 2

- i 1 ffufit a44U 1.nn~ -9 9.n a2 7±t a- 7.a zSa. a
61 5 .L. 2 _ax1.025..02 1 -0- . 17 l 2 ~ItI 6 .23 2A 20 1
&20 ~ ~ ~ fl ji 0 ,' t f:-IjOO4t 9IIr- 003Q~t 1,9 Z fL -..a t a -5 -.24i 2 7 -O1t

M-1 ~ ~ ~ ~ ~ 2 M6 .lx.079205 t.03L ,7 9 4zi J_ .141 .56AL 7
622..~ZL. .,.zL.. a;Q i,. .a 9 D3L.. IL r 4 1 8 I7 108L w- ...L0U2.. 7 S 8

.532A 1~'" t;I ~S2z 221za.~ 1.28 9f~ -A5D2z ILa52..532. ~mi ____ z. ...042L -2. Xf JD4 I . 1Q2 ft .. 22.1 2 Z2 .A& t.

ML5 4 a4 -053L 91 .- Q21. .05 -1 211A1. 9 .21L91A 24.9Q
Imi2,2 _nS2... 0[!;'18 _2AL1 11,QQ rIL.1L..2...AOoft 1

rrr 4, Max 04 9f4 .01 a 1,023 .9 -.396 I .081 a1171
640 M7 I nax~j a.02 71~ .02 1SDM3 a s488 a .088. 1. 0snt a A.

2n !l~ax., . 029zt . .043. _I .031 A. a23 11 nz 245 2.a .173 .173 a-
002± £ D~W2 >-LM Z L'-03 1 5A45 2 --17152

-27,: q42fS 2 S L ftL1. .;SLB
3 naxxf .033W L .023 a .04D~z~ At .085 -1 .42 2- .32 .32l& 9tz a

inAWL .S2.1Q2 6. ft 0..8 1 --2rL. _a. _ k.A.fML 4~~ zizszzaxI08L .1 1 4 -01 znf.1-.69aZtf.03zrt.503
4 i 1 8 '?06 2 "j"08r.,,R 6 i06 -53 0

2A, '__IZ2253 a 056~z -6. .%189 1t --- 2U-n-65zt '-54
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64 1MeL 5IL -a .11fz I6 .071tels -t -058mlzU Zcyw~D -.5 -L 3,418z Ic2, -1,5
SdL 72 a .48 ft -072 1L 066 1 .171. -. -.14L 237 1 -24 a.

_(J -, .. ; : !".-nil 0: . ",02 ' kt :; fiL:W66 fL i 54 Z SS , 1 -~ 5 t ,,4T L-23T 1

-03- 2 nax -481 B_ -54- 40 A M9 I 1 4. .603

a 472 ft .. Z. 5 . -. z 1 A- 1 1mi -j a -01- 11'- 01fl 6 S1L.W 4t -'II _I1 AL142 .J~lt5

-- - - AMIZ 4,058- - -1.062 5_ -4-01- AS&L M73 1 An) f5 t .0 1t Q.19 A 249L -. 4 -t .2 1 4.285
WLk... -,- 2L.. DiS"248 -t D2L -- 21-1.6291

M 22. La . 549. ft .01 1t .014 A .279. Z. 271.248 4 . 247 5

3_ a) .547 ft Af1 1 21A 4 MIZ 71 Si. 1 .24& 4.264 5_
*~..:,....* ;",o 1 ll t ~i 51 1.7 7 268- 5 .n24 269 .tdz4

465 ma) -4 6 005z 1 005 4' .31 7__ 313 1 .2At A- z.281
min!_ - 'n 1 -- . ai 61i--005- 5_ t,;3fli- 1 4 z -281 5- .282 -4
jax -54 6 1 0 t . .18 t .28 A rIa - .286 )

3i - -1 -- -- -3 8 : 8 - , 8
Lu M74 I maN z2* t 05.7 4 . _259 4 474 L..-17

6732 ra) M5. 5_ -052~z .O L .048fLA_. .48 622 -.364z 1t 97l 4zA774.

67 3na ~574. ft -. 04Q- Z .042 4 .581 t -.45 11 .3562L 4 .36 5_
676 _____-4 1 n I .046 1 042 I[ A57 1 45 16 3 . 5 S 3 , 4
677___ 4. max J22. ft 04 3 41.66 61t -.5 1A 1 432. 4 2.43 5

eO - 4 1 1 4 .4-'-L 4 --

5__ max 52L. ft 0352 71 M 41 .736ZZ 6t -.613 1t .4S9 A5
-..... ~tz i~l~i... 1 .~hSz5 _~l 1 2f .50315_.49

AU~f M7 max 3 8t 059 1 .079. 4 AAD&, ft 1,2912L 1,209 .5 1J213 A-
fll<0'LL L _t-. z.()02D 1.. a0 --,02L7-- 5-.29 _tlf 1,6 _Ql ft 211 4 -1.209 5.

_2_ _ - max 54~ f .03 . -1 .055 . 4 -.882 1 1iZ7 ft .. 5 .5 .611 4
MSA .. : in ' '' 1 __29 a~l~ 5.A1h f 1 1 - A isnz' 5.

053 _a*l37 -Q,8

685 3 max~= 5**47.~ 8 Oll6 1 03 4 --707D 1 1682. 6 .258. -5 -226. 4
6a 8 ~~ 6'.. 1 minz~ 6 ISi~t A. 612 ft v7L;L 1 '2:43 4 25

.61171 - 4 ra 553 D_ .02 1 1&I -. 6 1-29t 14A~ 14f922
688 1 -,mii - zL±.0t 1 ftL --. 008pZrtj . - 4768 .LI

6891 5 ax S ALa .0~4 1 09 5 -S1 n63Afl3 fL _,.247 3_.7

691 M76 Iz. M 18 I.s0762 1 ...s0529. 4 3,- 434 . ft 1Zl 224 7 .303LOma -42 5I . 5. 0. -

.59 r". ... 1 j 81 04 6Z 0f5~L 4 423 fL -.649. -t 5.726 -4 .83 A'a 4§ 1-08 ft - 1

.61zZ>z 10.z.5 0 I .. !.. 1 14z~ 4 .02L, 1t 4.356 ft_ A809. 4 AMS& A
9 4 a .615 8 -009 61 .137 5- 4 .87 - 2.86.5 302 A

&K2 ni .02i 1'%' fZ~ U 0 r14~- 4 .zAL. O 1L :;303 4 .-2.8.5_
&9k 5 ax .276. a 125 11 3288 4 .719t s . 1 7 3 298A
701 U t.a -191 7 J76 2 .4s 5 .6 i- -AI2. a 1.2t -5

4 in -,036 1 02 1 A05 _t, 3 4 a 1i& . 85 _
2a -!ax .12 -L 25167 A- .166. -5- 05t 1 ladn.A a l .1 -29 3-.

_7,a Min . IZ 046~ 1 "00S2Z _I ''-O'J6-> Ill 34 a-1LI. IO ~£22 ~l
121~ E2__ -183. z. aa.laa...si..3 t asi.a is5 15 .Q57 A1

____ -057, 1 3~22~ 0 ns. ~z f36 1 4-
70T 41maxA94 205. 151 2 1 -. 2 12,573151 Q.07A4
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11 - - -n -. -t
7091a 5. nax .204L 7 31 a 2 a1 192 A -009 1 1145n 5-l232-4-
711) 1 is nnl 07 1 ..z 02. 1_ z.0.32 A_ 4.009 _t -4.2-I & 232A -4 14 5_A
72 - . na -0 1 fD02 -t . L :. I. 8 . I -- l I
732 ax 493 A -.245 1 .101 A -0-. 1 4,41-714 J~nt. : _03 1at !,00 _t r..Z4L..-. .1D 4.41 ~ B_ '1 6 t &-.2788 5- 2Z 9 J _
71 a _0 .25a 8 ... n? 1Qi'u 2,241aS3 089nz11zaaa1nB-

rtm9, -2 a ~aif~

IM mmd4 ICM .. _06 1 nO2 1 0 .3L 71 2.24t1:3 --00 _tfD~ 1 -i .08D2 t
717 ±a .5Z. -263 B_ 8 7. A2 1 .20_ A_ .101t a_ .089 1 3,262 9-

.z.QL 1 t '.002 ~ 2iL 1,%~ *fl5& ;12982 A 22z2 .f8 1
7195 2t .533zh n28iui.q 1.fl i 2-tj -M .089l~

nin 073AZL L1 002 1.. _...zfln... 11 -r a9 25 37 ,
721~ ~ M7fl. I .2 J~u 517 ss i. a14 1 1.5 .1

flj ma 75J ft-44 'jjt 1L L3

~ 7'T. x -~jj. - an~
m ax 516 6 -Ji 1 -,6.3 . 4 7 .A9 9- .1,5 2

na ~ -m.na..a n- z i n -a

77 =DZ TIM !e-ot. 18-. 2 AZ - &.2 -I~ .L w.zI2h j0_ 11MS&
12Z_ 4 ax -51 -. 113. 1 .038 -0- .D19 Z .1~. J 164 a- 1A.9 f

_ Q %4- 1 V.AJA5iaA59;L473 M80 maxi 515- - 0 1 7 7 1 15 1A454 4

4S - a.m fj. t i-.I Dt.aSL 7

733 nax 512... 6 -z.128. I . 031Q A -if424 I .506. 7_ .155f 5- 13496 A-
73 nni-!0 1t -.136 Z -. 1 a- dAZ'506 A 1 444LAI 7349 Z A 51

" r:nij fl* . 1 -48r.,, 7 A yfA-05 4 %M _l' 7 41.Cfl A A.596 _5

a - -&1~2i~lt~t

4 ax]-0 6 -. 5 11 01 -162L i65I 178 5 1721

4r a - 1t 71 061 4 . -17L f1a

79 5 ma ax 4 -164 1 .062 5 -2,28 1 2 Z 2 . 1

AA I~h J92 n5:r4!t 5j5
742 1 min -±. :"03 fr) 't.33 4...izD-1.J~ .i

744L55o g 1 Min 0 -- O - _OO4~ l-- 61 -- az L St028 d ia

__Zr 7777 117, 06 A '--04 _a2. 6_a b ( .i.ft ql
74* a -56Q2f ft 9-02~ 11 2 - a z.9Z 1 aA08u l~D.f

749 5 malzi' 256 a .I -. 03 11 -. 033 a -. 21251 a 1 5 -16 A
isa _____ r Mij- _2JL. ra' 61 2 , 3 -mL.. 7. ..... 2L1. %<208- _t * f.69 A .

751 M83 I z.L max 0S 1 1. Z 0fi Z1 0 JL. .20 _t 1,678 9

____ .. A min 02L a1 ._003iU 111" .21OOL....7 . I L2,554 ft 7-::20 -_f-t9 A l , 2A 7
_M3Zax .02 1 .06* nos Zff~t~ 2 L .201 1 ,558 1 ,675 1,8
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A nbx M.. A±1RO I - -arkly

ax 22- Q5f 9 1 .f.23 1 A2 f6 4,65 f

76915 ax -m728 141 U _ 1-297 1 -015 -Q

-7 0 -j '- -- 07 -- ; 1--12 7 B '1 1;IL ,8 0

1771 M8 I ax -069. 2_ -.015 . 5- 22.08 . -.057 -5 J.25L -1 2-03 2- t..i

=222 :!m i0 11i '.02 Dt -L A )- .QZL2 Z 5 1i !,z.7: 5 A2fl97 2t a
77 ma2 9 -02 5 sz. - 5 .305 4 215 a-fl4 ,:-.. D n .24 16 1 -':o33 41 -- 069- ZZ1DSL05 4.S;4n .t

ax -...Z.a~a... - S&n .a

775 __ 3 aa .071 91 0t ii7 '1" -. 1 -5fltL Z36 .zft 4 2I, S255 Z

780 - *- -f2U 61- n3 41 2--V 36.Z £ Afl -I IS 5- 2~ 2 ' 223 a
77 4. Max~ll.. a7 ....91... (12 51...& . a6 3 Q -.1 .A L 24 A- 22 a 2.355 2

MB2 '.026- 61-v- - ' .f4L1 4 2 D-flS' 4 '-2~2 A 2.. 24,1
779a ax 71q .03 a&L0&4S 6~32f1i.2..494fl At- 12472

mi_ _ 02 - 04TIZ A - 4 Z C-.94 1 = >5- S2- ac 2~T a
71 M86 max .073. a -.033. 5_ .0l3 a -a.209 A .494 a_ 3..4472

792',-x',Mi 0l2 f cs fl7. A .osD- r a5 2, .iBZ&. 4 ;:;V 2 -2 4475 2 a 2 27- a

LM 3 max .08f-535 045... 3 -. 0 5- .878 4 2D73L22652
mi ~032 ft zt0B8z 41 zfl038 z1225.' 4 12 5 '275 2- 2-73L a

1787 - 4f~ max 08..1. 9 f. I06 5 ~ 0 ± 3 .L -6011.22 ftZ9 . 2.879. & -

5 max 03 -0 I .07 1 .72 r
_087 02 2, A:f ni...f..il:fS 5 -2.6 2. -1

9 Max 0 1 - 4J.6 13

isa

.8flfl1''-'- .zfu0f-- _0 ~ -L BA±IZLI

fl.4j max 4..Z.. .A-4&La..ft
x I a A .3t .-. - a

-. ox 0 - 4 f . - m76 A
7975 ax 0.an. a_ ..s004.. 1 .003.s a .u381. -L 133 74 Dan .357t Z

-M- t
flllf wW USD62 a. 00 1ft03-' I...t....-5 -A-336~* a .,;;.381 z' Ai --.2 74 -2fl 6

5 ax -01 a .005 11 .004 5- a .3771. 1.4.6a-5273 a~A 15.1
____ g.4jft I :p4 t-' 3 an~ 77.% 2~4~f'a

a a 00 4 a A4 4 -L iz455 a .7a

80Lms 15 mit' £.083L ft r.125Z A n77 I I93 - q272x _5 1t95 a_ 2,9612
802. . --03 ax -.-09 5t jj2 21 4-5w 4 A23. 1,A2-nz -a :-296 a .a03zt a

803 2 ... -094 Z .076 4 2 5 21 3 1 1 4 i. 1 2918 a

-d -" ina ;O -f jf.049Q~ .. 1 .411..' 9:- J_ L2 41 Z. flt
19- M- 0 1 t.7 A -fDA 2jj 1-156 424 z4j

aMn ...S ft ..... Iot.. f 63 'IS L.. 2. ..2.. _I _".'156 A_ ,.2242., 24 3 D .1
8074 ax 12: 91 .o 0.... a. 11 a 1-203a 1 -..2892 65 1.D08 1 2.577- 4

5fl :ax259jft 5 4 -
mx" 3 __ 5 - 4 - 577S22ti

.B2 1 ___mx .6 21 § 06_ 1,6 _ 17.1_-

812 1 min -..'o 0 1 1 sot..2 1D i. A:;05-', -.4 !
_ _ 2- m!axj56 f1 177j -- *t 1. .03 1..162 -42 ft-34
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Envelope Member Section Stresses (Continued)
me mhm Snt.- MxallkilL Is vxflearksilL Ic Sflea~kf 'e ksn I 3tsfffl sc- I zDQotkzil kc

_82L _ _ 4A na 005 71 1 .02. 1 DL f -.02- 0211AlQ AlB
- . . AM i A - -1 - -

52 ax .007 71 -.027... I .013.. -.03 - 1 fll 1102 9 .1
,: Ik n7z 1 013 -.03 1~n a! '09' i &..nq A Sf019.1

&n3 W92 I .SQL. oDI 1 L1 0.flL _01-1

13 - -

i M2. 11 -- 0071 1 -flL A - 0

.835 3 na 003a 71 -. 11 0 61 -4 1
-am ? . 1i -0: I1tfl

ML .JI2&.. min ~ I I.z &.. . . L..07

87 4 ax 00 -0 41 o M 1 01A .1

&a a 1 ZS 005. - -- 4
7 a -25 .0 02 7 11 01Z R aDQL. 3t . 0 a .019 t .19 i

tfln-zu00 a1 -'. 2SflDL I. IS iz IL-' IL.-a 3 1UZ a103 1QD 4. 1 BD~ a ,. . k

-U M3 ax 0- 1 0 1 0 j '

-39 ax o.2 L -007 11 . 05t. -0 A . a .002 A .002 aJIM~z ai ---002 I .. ZE0t 2_ .%.()02 9 fu 4.00 A- :':002 2.QL

min -Q 8.. :,-A I -01- 2 D L .D i Dl
041L~~ - I). 01 001A fl2.. Q2a.2 d.QLk

_______ -.8Z a -.02L& _L -zn1 - I -- s n:9 -a L..02t A_ sD15 a ,0152 D_

851 mos2L 1... .rx 0 0 1 0t. 1 0 . 1 l 1 . 0~ 1 0 -
'852 -,- 1 .L . IzZ Z I -. rI, .zt. 1.. oZ2I£fZ .Z

-5- 3 [ax] .0 1 577. 91 -04 L.iZSQtQ,63L - I.04~
15 ."- ~ li ft 'zQL I A 2 z L I. A . . a -2210 _- I

-5 4..t. 25- .3 1 52Z 21 052L 7i M7.2 1. M .14577 .038t ft
mn-:24Zz -ZD21 17 £ OJ B t2~ -i RJiZ R -l --0R R I15

5 25a .. 6-l..8 9 .05 fl L 1,02 9-L .39L6. J- L 1 .047 IL
M - j 1 ax .13 1 -.04 t . A 1l20 a 9- -.3 -tS4

281 max. .13 8. & -. iJ5,088.lt9A .128
Ms . .isn t a -'I . ~ t. sza, 8 7-..012 a .if 12 at .jz&.

8 -5 3t Ima .136 1 --04 . 462z A .792n.. a .055- L 5,561a 9_ .14
7~rx !:%055 a1 t 1 AL..f A Z .-:7q t -&;14'a

86 ax .137. 81 .04 11 L. .461 8 .66 i _,013 _t 03S~ a .153IL 1

5i A U t.. .1L9 81 --04 . 21 46L 5t .55_ 1 .029 t6,1 2 1
871r M -97 It~ £a t.t71 1 -1201. 5 1,3 J- -1.0285 14032 A 5 4

JIM .z a -- A t. a- ;~i. a SIL'. 12 6JS 1 4108 S2 A1 A.04A2 5- -1,032A
2 na .471.iz. a &a.. a sn1.J 1 -1d023 29.i 4 1J038-.5

nil__ i~ j~'O4o:,zoa 4 Al 023 4 0 . -L -1038 -5 A.029 A
3n na -.41 -01 9_ -0&1 J- 542. 1 -1f MR 1St024 1,034 5-
47 .471 ax -. 1 a .01L .f .f 1- -t 9 -1,01 1402 L .Q2

2 ~ m M~t~i~itZ~ 44 l 1,013. ttli

a81 162 L0 a 1 J5 I 1,051. 7.£52. 4 J1.01322-f

__ax IL -. 03 I~lt17 1.Ti ~i. ~ L

:Z.fl.iI 6QL 00fl1
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Envelope Member Section Stresses (Continued)
Jenbfi. sInti. -Axia .brMzL_ z 2.ZbflrkML I=0 ,.fllpJ -~lkf 1W ]ait &82n tl k

-a ,.. 'nnI-' D2Z ft 00lQL 1. 005 A 11S45L Z .053_t I 1057 3- i-LO
4 ax I.00a .009~t J_ 08 AD10451 -41L 1i 4 1 tA 1-051~
*a m n Q2Z M? .*ZL2)L _t z,.DQL A 1-038; 1 11A045 _L A-051 ft041W 4

5a na__ .._x .003~a a_ -M2c 1 .01t A 1i035 1. -1f028 1 1032 A L042Z. i
i____ -;M3 .1 fz m= - Z_&LZ1 A "1,0281 7- -1l035 _L-104 ADIZ AI

&U .. 9IL. I -±x 0Lt. 1 0. J_ L 94 D_ _2i -t . 691A2 . ft
Ila 311D IZL .LL iz, ;.J 0:1'" 1ZZi ;.945'ft .fi' 5 1-91t aA
8.12 ax 0 a8 -.003 1 003 51 ..A . __ .z.2 1 .flA A ...S9t _5_

4 ai -00f2 1 __Ong I1 _08 51M Bt .808L __&DLt .64 ft

Silt 5~l 2ax .00 A -.02.1. 5 .922. -t .798 1 .671~ A .675L. 5_
niril__ . &40 t fQ& I--01 ---1: ft A 2 t ft75 - I L A Z A~ f

Im _ zzD-ft £fl3ZI"1DQ :z2Z 922
-K Mn I na Dl . 8. .-t Q 0 0 i ft .94 ft .781i I1J5 A .66D 5 -f

-2a 9 flax! 5. .003Q 1 00 S5- f 903L 6t -.779 £1 5 .659 f
3 a. .00 & -.006fi .00 . & .5 .89 6~I 1 -. 775 11 A51. ft .655

~Q~ C.s..0051 4 Z:hLS- I -- 6 ZC L f
M ~ l 4J na: 00 I0 Q_0 1 00 .891ZL 1 .767 -t .645C ft 649 5-

_fl __ 5 Ma .0 -. 1 11 _0- -81. .5 71 .641 A

___ f1lma .. QL. -.t 1 1:Z 02 Z ,
913. 2~ 0.QQD -.00 . &Rt ZAz z97~zDt

1 00 __ 81Q~f -1 082L~2 _5 .0718
91 .... IL DQLft 1 -. 0 A zfl02 6 _Q81 1 '-,071 . ;-,.07 3

la na Ji . 1 A1.006fl 1 .00JDL08 -08 6B ft4 5l.074
.222" nir - .0 6zfQ .006I 1 405 'A -Jz086 _0 .. 0851 1 S074t 4 -na074

19L rax .00 8 _009 f1 .008 A .09Z2 _ J.094- k .028 S.JZlt41

919 __ a) .003 8 02 1~.f .01a 5 Z-.10 1 .104 ft .089 5 .089. 2
921 ~ ~ 1 MjA173 .02Q1L. t . 376222 A 1t 1 J21 kt .273 k 35

11kf !'.. -. _ ., .0r a. _373 1 AjfQ2z tI. zfllt - A L .I - Afl 2 7 zz l
32 -a 0 _ 24 7 0~1 . 6 . 41 .284 _t Jt .36 _.2LB.. L

42 -ax .023i.. 7 2 05 Aft DZ .386B-t 1,44LA .277 AL .32L
71r 0-> ax 5-L1Z£fL~ ±U ~ A,34,t _ L 36, -2i '-2772 a

221 5J2. A... .03- . 013.QL.71... 2 ft ~D.02 2 .3862t 1 1231& JSDC. 2.277b . 1.

.932? 1~u Ti %6. 11 02 L_1 *t - 3v~ D~ -2-536,9 ,. 224* 42_ A D19 6 -166 9-
-2-_ - L ax .095._.&13t6..01 2 .219.1 2.54 I9 tt 1.68 2S1L97

ila ; ,0- _ - -. 014 L ... 2- .. 1.21.5 -- 2 1 4199L_2- 168 k

7 4, nax .6 -. 1 ~ .-0 01 21 .21 . .55a 9_ 1,67fl2 199

14 ax [ - --.. ~tj 2i~2~S.f
.9!a '.2 -.016' 9_ t .... & . 1Z5. .2 04 _ .8 1 -1zQ~f B76 2L

_941_ 95A fax 0 11 0....lL.. 1 .. Q L.. _..Z L .2.514. 9 2,979 201 ft
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Envelope Member Section Stresses (Continued)
.Ii~mkt ellt, . alrkleLL he ks - thakl A yBt~sl ; pki Z-Bts

-2 . znil- .. fl -. 0 t - 00 3 2,515a2'244; 1 2-009ftA.s 9a45 ~ 3 nax gQLJ7 -00 _t 00 Z.2.l a 1a9519 1,64 k2-07

CQ I ,.Og6 40 _iOE - 2..26 LZ2La2A12la2.fl-f41,69 %2
-j I-~ ~ .0032 1 -02 _-0 2.Z74 ta2z536 1±ZQIft- 9 ta99

a2 .. SLL00 --' -,&i02. 1 1 2-3 ..2 fI 2 zz _ 19 99A a 1,686 q_ja M96A nax .04DI Lu .8 6 .1 a7 1a f-09 -t24 3-06 k49 4,61 ift2
952 !,:- - 3i 431 -8 w071D21- 931~~t.~f2.. A.2371 Ln A614 Ba- a

2 ax .046 Z .095 t . 1- A4, 1 Z.2.9L 9 4,434

ni - Mx -IR 2 %158 44

axa.4 7 .3 a B .415 a

min! :;DQ94 a -.. :18 ... 9 :.-.- ;067' AIL 1 -1A4 i b -4,258 6. szaa1 k
224 maxl 043 7 sC)88 IL .136.. z .. mt .687L 3,03 7- 4-273 aL

rninl21z4o ft .±.u t k ...Z066Zt 5BB 1 4IA616 B_ -4273 B -3.038 j
959 5t. na4! .041st7 0z 6. a M34.. 7 .732 IL .. 61BL z-2 Z.t 4,371 a
9601 *'..' 192Q7iz ft 22.f 9 1 04.O 8- ; 1 7 iZ 4-3 4-371 IL ;.2fl2 7 -
ML M97 1n & .... L.. .05 7 076...DL.. B1 .173... f1 -,2.,A 8 7 .JZ L 2 3-~14i L 3984~ B_

* 4 4 ? 4An

Ma . 4, * Min jj IL !.5-Z~z 2 0,-;J -?;zz a0 q I aa - fl-9B - -3146 Z
.265 2- . 057 1 .075Z... B& 12.. ft 12 - 7 1 .l 3, 7 .22 8

____ il -I.I &zz.2f20,.L-- .WlL7 Qas'282J 22. f8_ -3l981 tfl2&Z
.962 3. max ... 56 L.. .0742..... B_ .11 61 212f t . 982 a 3.205 L 3,9ZL B-

______ tmax.... . .2a * z fin a Qna _L i12 aazIafl3
429 ____ .055L1 i.072.. D_.... 171 AD& r,18 323461 .L 94B-

969fi 5 Imax .055. 7 .071i a~2L a.7 -..2J B 1,188 . -.253 71 .97B.70 1H.. m-~ in %vna... 8.i- 7 .I0t a S4188 2SZ & .9 a . aL -3az263
97 E48 max .074 1. 0C f1 216 6. 2411 ft .659AL 77 2 .89i f

-9-7Z :'-i- 9 ~m, . -09 -,L13 - 16'gr5qiL *ltLIlLZ t.fh .__3.8 3_2Z &.671,973- - 2..,. Max .03.004~.. 81 215L... .2Z12 Bt .746Z 3 729 1 3,82 .f
974 Z IVRWu E w in '--0 BL -;-"S173 71 "--zJ75: - 2- - 7 1 -2,12 B 38 32 In a 3 294 z

9275 3 max .073 L .M2 81 2fl14 B .2,1.14. B- .83 L. 3,692 - .774 81
9774 maio2n . 0zDB1 B 2 142L 61£&1 211 QIL .71 _21L. a3,654. 371

rainJ~92 a -Q.09 B 2L -"'71%'Z -i2; 9- 9251 . -L -. 115 L. A3-1f 82 ,64
979 r, max.' .07 7 0 ~a a z 21 -ssa -211 jM1 1.00 I 1.46L Z8-68

ML M99 1 .mzaxi .072Z az02 t- .2.... t 1,543 B .41 -L 4M51 i 42736 B
965 m__ax!.7 JZ 71 .z027.. 1- J~... 1,50 -JAL AC . L 2 4441 7L 4.275 8-

ni!-z04- 8 w19 7-.7 8, ?4.441 - A 7

3 y a .0ZL 7- .28.. 11 .1AS... 6t 1471 8 .519Z 2 .4,363 L 4A191 a
"inl ,f-53 8 T-J 11t 71Z II~t 2,- S1 B AJDLB t-419 A2AB63Z

_ 8ra 4a:'75

989 5 nax 07 7 .03 17 .0- 13 6 1 2 1 422
220.j - .7053 a_3-12 2.2'Bz 2Sa 195 IL :A4_22 B A-.2QLr I

_Q Iim A. I nax . 7 g .043 '....1li. -0 .04 & .324 1 .4,575 1 4,422- B
7. - n! 4-9 -b -o z241 A- f 4,422 f A. -75 2

- ma .059 7 .024 1 ft .788 8 S 7 .2g 7 4 W.291 - 0242IB ~2.88- a ss- ,.z -8639 a '2.9921Z
995t.3 'ntx .054. 2 .005- 1 .162 ft16Lr Z~A 712496. 7-134 41

9%* niS 0t1 t .(~r 8542 9St-04L -7 zaeta1 I2 A A33 2 1146 Y
997 max .049 Z 1-67 L .45 f .6

-9a 777.- " Za77Biafl~ Zf az i' .22, -- 306'~ a A592 B -
5f~ 71~ ...0..34....I 42... t.DL 2A467 Z .1181 ft MD 9-A Lin09~ BAT gf~f t128 .±Ai k. - Z 004lt 1 162& 9 2.2 81, k

M JA __ ax I .6 u .2

M22 minDI j, '10 ' a48 1 2 L I : ...... 4A a. I..,~. 1 2.2 2 .f

;-__ -S1.2 2'1-J -~12 .~47z;.na
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Envelope Member Section Stresses (Continued)
- fS.. - .&akLSsSluftlkL Ic zhbuflbL kc tIQQ~ Ic -To~f kc z-BolkzR

2 axf -5 7 -. 3 1 - 42 166§
109. __ _ nad -05L -.034 1 A411. D n02 f 1 i MA50 1 2.26. At 1274 2-

- nr 4 8 1- 2 -41 9 -a 47--02

4 nxi 05 1 -. 3 at -1412- A z.4 Z_ -58 140 an a -345i a
innrs i___004 IL t.. 22Lz ...- 141 D 2-7 2 t:Z 14 JA 5LRAA&fl

s00 A. x . 0~55. 7 -.037 -1 WA ... t -06 - 2-616 1,7 §_QS 1-246 2_
IflDB .! - niN.;nr -1d .aaw~LzAl1a4 7 A-

M12 max ,Q5 8, . 12L. gI M5 t - . 1 1 '4162 9- JA I a
M7__ 17 &MA -5- m.14~z 612A65 iZ ZD LL 7 &Sf 9A

1Q1- - a 06 71 Q 00 . 6t JA4 61 -D7 1 2672 1 .14L At .263 9-
wfl -,fj I ft ;,J9t.145 -2 -L A782. _4 t -23DL.21 ,2

WIA'4sfl-z --

ms - a .0l67 71 -00 ft .23 . 61 -.091 1 255 a_ .211 kt .333f 9_
____ "- zznn'1 W s9fii 091 -a -- nsm3 2a ;zs,: J2Li 21t 7;

11 4 a .067 7 .008L .1l 6 -. - 2122..28 6 .4032

ma 4 1

019 1_ n .068IZ 7t S100 9 225 13 19 -L ,7419 .2,-L_ kfA3
01Q23 ______ 2. 16. 2 A53..2 2 1 flL.j a- ..52 7 . - ..JLAZA3

21 M03 innA 06 - a 05 .138zz & 2. -. 1a A -t2k.1 -193-
1D25 '021_ 12 - 41 bS . ...D 2-.. 2 - .L - 2-748 W 2 _ 1. . 9 JJ-± -f19t

2 Lax .067 1 .053 J- J37ZLL -0 -245 -t 2A763 1 .47~ Lt 1ZZ123

3n ____ ax 087S& 9 Qb5 Z .137L. . -.1W28 J- 2-778 9 .778L 1,5 ft
AAI±L a. 12 QL ..- 2 &8L.j 1. A37 Lt Q.23 - 2 77R'i a4 4'? 1 15 '7

4in 023 i_ aa13 2 iI38 Zft

10a0 nat. 0 2 - 042 .. : .. & .. 136.. -t ft .2138 1 2911- 8 22z41.- 7

10a21 -. 2_ 012 11,16 9 - r ltana
1032 2. 'us. 085 - a s121 A 1 25 9 a ..a71041 Jnfj. j- 9 ax-JL ft --02t -t -. 121, 9- -A~ ft A 10 1 .S57t 7 .fi22

-o5 na 1I.. a. 052~z 7t 10 6i12 D 2,g 44 1,1 z8 l- 7.Z243U

... .r! 09 -- ? 1ft-9 .7. ajtS1_43L:

5 ma .06a f .075 f 1 ft 2L ft 3- 4 8 a .78L 74

.. IC 02 JL ' *--5 9-2- it:-855ftL 2 -.7510 2-~ f~ 471 L .i445
M10 4 max 2 - --Dht1 -. 0 - ft 45 ft 4-781 L 8 .4- .2

2~~~ ~ ~~~~ maSI .0 6~f t016 ,59__ 531' 96D4
104 ...2IL... 9 1~ l... ftQQ .SL ft11 7 it -4S & 7 4595

___ _ a -08 Zt...~ -L "',936 11.,...LD J

045 ____ ma 12 ft 0...2 61 0DL.. 6 .464Z 8 .881 7 .918L B ±
10-40 2__...'n L lQ M2 21 U-J8 2 4QfiL 1. .4AI4 -6- t IL1A2

____ 4 mafl,1 2 Lz_6_ 01 9 U-62- f0 -0- 4 4 k bLL 4,931 . itS46

10. .AIL . max .122L.f .L.8 0-..SL. 0 -Dt 4 I7 AI 491 .8125 8M JA 7tf
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Envelope Member Section Stresses (Continued)

1-82&t. 1..f.. - - h.47 QI neilhl --t 8 6zf~akI -411 41~zl 067 tkt -,8I1 1 -97

- - - 61 a . - ft -anI a04 s1 :% :. a. 403 w.088. .0Q3 1. A-8292 a_ -1-SL f z&A

3 ax 0- o 03.3 .1 -L 1 9
1Q66 ___ .:- 02i.37, 109 1iV L.f S-t 9DZ -191t5 '±tb

;__ - -_ .it lf
4 max 02 1 10.03-.1 9 1M k 1-6 9

im6 7,_ L...25,D22ft.J087 2.. I.25 t MDLL28
'Mr, I' ~IZ~Q L ;_08 6 .27 -. 1 1-184

1071 JIDL IL max .035. ft 0Q2Z 41 0D81 ftn 12D 1 .287 a 210nZ 1,98 g-i
1071n' ..;nir a 036nz; 1 y'~-_8 ft 6.P;28L, 9 'znn1 t ~() Da~a.rZ Zf

2Ql max .03 09 9Dt 402 _8 .187 2- 2005 ft 89 9~l2
I. _ '-- -h .03-2 !'-'034"'V: A - 18 a 2 8 "I

axa1m 3 max .-. -088 a .065 1 .089 5 1i909 1.002a
mn r~- in .0na a AnL. --w.089, ft naas 5s i .802a - ,0 ft

ax . 4 - 085 9- . 18 1,712 2

axt

-' ll.jn i a3 5 nsn MA . 1t w s .a& i Asn a saaa

IMa .5. t max 017 A_ .033 -035 Z .068 4 - 5 .3 1 R1
Insi M0 1 max D.07 A- 01 11 03 17 .065 4 -042a 5a -815 a 864 t

Eain -'t:t.D17.5 '- 5- 4 _-_ -ftzD2L 5 -f'-..A t.Sf& Dft 1 2
2O8 M*ax .017tA- &a 1 05 .62A .39 5- &.899.~868 b

_.'- A '-.fnjn ".OfL _ 4 4' z&QALZ ff z-. 5 n02 i A- a 868 a3___ Max .011L kt -_02 . 1 043.. 9 -D2 . 07 - 5 .82 9 .873. f
JM6 Vzs w in ':zDIlg a tzDL5"is 41 ;z05 Z .-0 3_ 0L 1 - 873 823 a

4t axu0i &I _0t~21 as3 .58 1 -09)58 L .8t -
1220 .-. 1 .':-_>5 4~. m1- xh2 inzi s . 0 6 2 t5 - n.5 fZ1 .ft A 2
152 ' .. max .019lZ - ~ 0Q Z 11 . 043 & sflL I 1 -02 4.f1 a 9 .I88 f

1090S2Z min sfl.i 2 1 6152 t SQ021 I. .(5 I!-AAR z. 837. a

1M Milo 1 max 4027 4 039 4 049 1 438 4 1102 1 .171f 6 J6 A .

- fi-1 -z nti a;a~6
2 ax .027 A .039 4 .a9 1 .439 4 OQ2 1 .169 6 1 k

1028! .. 02 _ ~5_ ,QQ0j5V . .£ 52 R & "002.1 I.:"3 A A2 t_ J61 a 6 £ f ta

3II-~L L. 4 .0271 .039 A- .049. L .441A- 403-t- 1 .1595 9t~2
110 Min ,'4 02 5-.;_0 SfltL1 !.z~a53 Z , 003 J_~ .441 1. 22 a59 kS2J67

4 ax .02 41.039AL A .05. 21.L 4 -0 ,15 f .15729
m:z~ in /'- 27i 5 1 5 - a -00na i -" 157L 9_ 22'_ 1 6

ma .027 41 Q39 A .05DL . 1 M03 1 41

m- 4-45 4 m,

1101ax 4 1.049 5 70 L26L.. 4 1
x 4 02 0 11 .55z a 4

20 -!jax .03z.. 4 .047. 51 .51, 7 .4531.. .006I 1 211ii U .12 9

111.1 ... ' i r]j ;4 . Q2L.415 11 ,.054.. 81 ;--Z06 11 4 5 0 1 9..6 2 1 .. CZL
131 maxn .029z .04 A1 0i. 51u 7t 461 4. 09 '4. 6 18 61

t14s z Zi 02 '~002 1 AI D L a Zinq' I 5 S,,flz' 4 .26 2

1107 - mAax .09j 4 .043l-5- .0.5 . _L L. 59 4 1 1 .174L 2 .169 3
'min, 2 02L 5 -L 05 t'4£2 .25Z 2L3 6.ffi_ t -12j .DL fZ 1.S.S..Z 1 ..1. 9- .... 27L a

5~2 max) .028Qz .041I& I .053S _Lf 47 1 .1i -0- .15a£22 a
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Envelope Member Section Stresses (Continued)

. ~m.o -.i-. A x , BsU ~ 4hak 04",. e adL £25PL k v z2t l .2L 22L
1121 M13 max 037 .059 .1 -048. JA19 4 J3..S ...Zt 2 9 X. a 17 -

021'524-,2 .Z isZAu f_048..2-.aJ5 9 _2 z37,

3.s- maxt -03 A- s s5 .1 n a4 .1 377 s .315 5- .22.. 2 n.292 a
tin v.-mi.i -024!6.5- l-_02 4 ..t.-:ff a .-046 2- S,3115 41 SiSTi A 2 t _ 292-. a

4t2 max .034j 4, ,054. -5 .044 a .163Jfl A 9 5 .275 2 _275L.a

5 X max 1,. o t 1205 2 5 .04 31 .1155 _27 .259 1 .259L 1
110.'. _____t ai 0f23. 7. 5-";4S03&.. 04 Q 2 1-27 V..L.3 .L. ,.2 1

M114 i mx zli . ~ 3 2 tD i .029 j I . 2-
tilk4 - 012.. - JD.L iS ., 2 2256. . 2~ 46

tin ~ ~ mi nT*)Z l*6.iZ < .S2z 4 1ZlB~ 2 SD2iI a '-256 % 1o-7155
2f9.. m - _2 t M82 _Z ~0 . 51 IDL1 3.1 2 ,D2 .217f...6zmiv-:-02 4 tfl23Di8S4Z-ff.3 '5

uIM maxi .022 _ .03 Z .028 a1 n.134 &2J34. 04 a 175
114 ---- min) 022z'&zz , :L34-z_28&.~n 41flflM ' * I4 - I . Z1I75 n7

IM"A 1 -~ 1.DI" 6..i- OlC9 .- 4 j***3, :A~fB :,0085 L2 SflASZ21
-13 5 max 015 Ig2Ls S2 a9 2:D2 M4 5.Z& ML .AL .093 a5

11411 ~ MJ I ma .016 4 _ 2 l .5 .07 f 1 a .0D27 4 .093DZ 1 .055t Z .055 a_
Mia ---__ AfL.. z-fl2tz4 uzl Z -.093L .5 ZL ft 02 Afl34sZ_'552

24 Max 01 4 .023L -5 021t a1 .03. A .05 5- o4 .S2- o a
1150A Eb 012'z 5. - 01QLZ 4 S_021 Z Saf085 _2 -,03 ft 4 2 2'R 1
115 3~lt mLax -015 4 .02 5 02ht a .~033 4 .078l~i 2 01t 2 01  a3
1w 4 ma&i~ n14 n~ 41 Maz a 01 fl 31 -.036 4 nZ .034 a1
1149 5 2 max f13 4 ,D21. S5 01L a1 -0390 65 2 .0S28_ 2 .028 a

5_llA iS .u 007L 4 'w0f18. a1 -. 65-9 ..039 b. - 0nat a Sf3az 2
I= _ M16 max 21 .25. 5 &01L a1 -.039-.06 9 .0 Zt .0 a_

-01tr8mn 21 z065 9 fl1L2SQ4L - Li0.' Z
117 _ 4Aa 024,. 5o~ ~u.017 31 -.03 6 . 057 L 4 a1

flt.5 4 z.017 nS -037. a3 'I 43 v. Z.lt
155 1 a -0 - 4.t M22- -5 QJ6 a -.035-0 .04 kQ9 2 .029 a

1151 4A1L t.. 4 _Q2 5 014.. 3 1-0332 0- .0 2 9.0J24. Z ..024 a
1162-, mi -- To 51 '- 0 4 - 2_ ",04..a ~ 2L k b33L 6 2 1si 245 a5 max . _n. 41 -018 a5 .013. n . 019 a z a 01 1s

415 '_0 Lfzt~1Z6zJzZZ .0309 " -~ I -aOa j,_Oag-.a
11115 M1 I ax Sf0QL 41 2102 .5.13a~2& A -.031 aO &036 a 9 05_

2I nax ,.07 6 .01 a .012 aI -(127 8 .03t & 02i Z .02.. a
)A 0 -_12- 2Zfl2.03 _a '-, 25 mi ;!-M -Z23 ~ ~ n aax -006 a01 .011 3 .2 .024L A .01st. a .016. a

liiA4 4~ .. Sfl.S 6t AGis t 0L. 3 -&18 5 .021I A- 013DJ 2-t1
tin j -. Sn aOnz Z...QZ 421: 1A !W18 . a 3-;43,Jn13nZ

lI1 - 5 nax 05 6 b1 9a o .9 a .sOt.. 5 w.1, - .D1 a .01nL a
1171.4 I na .zfl2& a1 .012z 8 2s0 S a a.035 . 4 zni 21 -D 0D2 3_a

I12r;a7,,5 77 . 4 403 A P!*QU.... a .sot 2 -ft1 17 .QQ a," Z~l

175 3___ na .00AVL 1- , 009 A .007L a -.007 S .01fl A .006 2~D
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Envelope Member Section Stresses (Continued)
JMmb.. .. Ies - .Shearkt fl bzSeadksil I tTnhD Iil BllkzDI I ZQIXAI

. . .. I, ' L00 5 "'006fl-' Sz-004 .2 ADDL5AD -.02 -03,3 'asnaji n .. A..._ . i m.007 . A .00 a_ .02. .0s05 4 a0 ?1 a..
M2 -l M _ 0 )5 0 J-0327!___ 0 A -004 A sfl . A F -n..ai a n- a

17 4 na a .002 A k...J 1 0 0 A_ 2i
1188 jr5 02Z 51Z o.LL400tZ2102324to&A2

5i -i- maxI 0 j 0 1 1 l .- II. 1 0 inI.

- 120 1 ax 25 4 i..... 11 0... 11 0.. . 11 o.. 0 11

"7h 6tl ' 1 2Z1d2 0 itt' 1: M LA 1 .L. I 0s S jZ f

2i ___ Max 0 A 0 1 2. 11 o..L. ±l o.t.. 11 0.LL 11 oQ.. 1
MA 7 - !j lJ435-J - 1 ) 5J -: j- 1,ft I.. .. !S~ I I z ",

1M.9 __ 3 Max 0 A- .. 02.. -t 0.. 1 .. L.. 0 . 1 S. 1i

in_ Taoe-5 In frn0nnnn1' - 0 11M/. k 0 - i t~IA i

ax 2 1 0 1 0

111991 5 ax 00

Envelope Member Section Torsion

- - wi ".'S-34! iAA~t Torsio S J..si 22 rQ r.2L~ .J7l r kZ-ooUC.I M I max 242,226 -9- .20 1 NC N

3 ____ 2 max 242226 ± . I N N NQ NQ

5 _L ~~Max L .0 -9NC N NC Q-Lj. + in' 4!,-347: A-~* -~j 005 -L- -NG:- NQ2 - NC -

-8"_:j]O -"63T, . ,_(0 A -L i2C-N N Q

-A- 5.. max 2422 : -0 ) NQ NQ N NQ
-1 1A Ih2 -c. ... ~ L .1 ,-,NC :- .z ,C..N - -- - Q

_IL M~12...... I max 243.408 9 . 9 r I - NQ I I

Smax jS 2 ±2 . ±2.

.. Z "2 w-In ;A956 : -%0 ±1 ',NCW ;.1:NQ N.J -' 1 1 .21%. It

13 2 ]max 243408 . _9 NQ I NQ -Min~fQ4t 10 14, -, '. Cy

15 4 max S9 20Q I NQ

max 243.40R A .204 22N - NG

,' - - , Q -- C
219 5...JL.... A.max 20 j - -9- -

'tx 4r3 64D J - R I A.U lCr -*C L G"

t.s 3 max 201675 9~ NQ I NQ NQ N

27 4max 201.755 NQ Ij NQ NC N
____ mia .5l.'C I4414266 C:2-7 -o ;i;.~

_.5__ max 201,755 -2- .169.. -9- - I N12 NQ -

_______-';'-479.532< ......2L 2L 2 NQ :-NQ MCA . t 2 1%. 1
-2-__ max ,~171.622 9 .4NQ I CNQQ

min 279,532 624. 1 tirw23 6I A 1%. NQ NQ- iC .
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Envelope Member Section Torsion (Continued)

- max 171.622 9 14 9 .1- N NC
36 __ 4 axn 18--7.532- Aj -I-l.3 .2.C NQ10 - C.--0-.. 20

37 ______ Max 187.52 a ~l... .157 a 1-. NQ0- NQ NQ10 C 21
38n. - win -> 245-924 '.4 j ft-%-Jf_5_ max 181 a .157 -9- N NQ NC N I

420 .~ i -r.8245,92 -- -'2LL'. 2 40-:I INCz .NQ-.ZNS41 M5 -I- max 106761 9 .094 -9- N Q NQ N NC I
2 . m - 777 A -- 251 6 ;"NQI 1 - - -I -Q ;f -

43 2 Imax 106,761 91 .09 9 NQ - I - NQ NQ

44 _L_ r] %;'286.27 6'Y 6o. 1 :jzjNfl.2 0 .

A45- -L Max 106-761 9 .

47j. § _A_ max 10612 j .04 9N I NC I
'48 -- _ m Ji '<-241.274'"-" &0 ...... z251....... 131... LN0 - ztL -: I 2 10

49 L_ ax 106-61 -9 .09 9.DL... .1. I40 NQ - I 1-.. NQ
.5 min.-341.274 .l .- ,2251 . &Z 1.. C.. .J Ir C .Z1.

5 6 1max 10612 ± M9Z..... I NG10 I N 10 NQ I20 NQ.1

mm * - - I . 7

jZ-max 10.612 j .09 1 - Nr- NQ I I N

54' __ mm ;ia- .34I.274o :-L - - & !2MC. NQ0-40 NQ0- 21-N
5_ _ __ L max 10,612 L .009 - NQ NQ - NQ

_____ ~ -,p:---341.274-- S0. 2z 3...... -0- NQ1 -. -Q - 20, J..JNC
-7 max 12 -L - NC - N NC -

___9_ 5 max 10.2 1 M 1 NC - NC -

10-'- in m 34124 6 6 NC "NC-.zU0.20-
61 M max 15288 1 .013 L NQ . NQ

.;11in -.338,147,- :f 9 AL C NQJ0 I - N NC-,max 15288 L .01. - NQ N NQ - NQ -

64 nu=L M'iD 33p 147 &L S. Z297fLZZ &L NQ -- NQ -20.. NC20-. L
g3j M ::%1528 -L .0 132ZJ -L. NQ. NC NQ N

__ _ _ min 1808,47 &L l4..... - .110-.. _r N2 10-: -N ..NS L%.. -

67.. 4_____ ..t max 16044 L .013i -L N NQ N NQ I

69 5 ~maxi 58 03 1 G N C N

min 6 -- N-:27 6 .71 MS __L 4max 16,044 -L .04 1 - I - NQ N

MI - C' I-N~l >r f N '73 -2- max .014 . N. I NC NQ N
74 -~~ miar--INQ NQ7!

- !.smax 18.044 .014 1 - I N NC
M777_77_ min' t X318.3281'&L Jz279.L NQ' IUz SN .1- wr_

max 16044 1 .014 1 NQ I NQ N NQ

'78 __ min ---.. i318-328'i-,. 6. .2SQlZ2 I~.k0. .2.. -- NQ - N 10
79 5 ~max 104_- 04 1N INQQC~~~~~~~~~~ m±i n -,'2 1 8328 -- L £ . .Z ' .2 10 . ..1.... ........ .1102.....

max 16.044 L .14 1 - I - NQ - I
r :; 318 328, . At, -.r 22 6-. ",NQ -:~iN N 10... A ..NQ-. . 0 2

8 2 max 44&4 1 NQ I NQ N NQ -

.5 2 max 16.044 1 .014 1 NC I NC NC N

ME2.. 777%, m 318.328'~ 5. jflJ<SLNQ INQ N. 89____ max 16044 -L. ~D.14....-N - .10.. -NQ.20
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Envelope Member Section Torsion (Continued)
Mebe _ Tomm"elbfI Trio Shalksite~a. -c tQ X kZ-B tLk

94 m__'tin -318328' SL -'.27LS I No_2. NC .2 12. I .2 m.- 1 1
__95__ max 16,04 1 .14 - Q I - 1

AD-. __ nwn -318,328 ftL NM't29~ ~ C.. .NI.z z C'f..

97 _A_ Max 16044 -L .01 N NQ NQ NC

.. llf -- min ---318-328 4 ,:t79 ft -- N *NC :t %NC NC1, I
S99 -Ji-. a- 16-044 J..014...IL.... -L NQ2. NQ NQ2 NC 12 21.

anmin_ _ -;1,8 f S ;-279 fp .2- . &- ;-NCz ',,-21 .max 6.044 1 .014 1 N - 2 N I

... wt- Ain -Jl 12R~\ ft zn±2t I.NC. -'- ;N .12. . 2 2max 1iD04 1 .014 1 C NC C N -

win 6rf. ftN IZ.Z ftC NCC 1. 1. 2jfLj _____ max 2L . 11C I I NQ - NC

AM -mi 77_9 - - 't 29,- Ii 2.... IzUz .2.12 ,Z 212 Z.I - INC- -NCML. A-max 16044 iLII......IAN 12.N

108 =1 It -- * ;3I8328 ft 2 2-79 .l 6 t12 zN 12.. 1 . r, -. ;NAMi. ..4AIL. Imax 4 L A14 1NQ - NC I I NQ

iii. ~>tMin o4287 - 279 CfZ~i12~ 2III M12 1 lmax 473.093 7 .415 N C NQ

1 - -; - in.576 .1Q - z,
max 473-093 415 -L - NC NC NC1141 7.t .,: minp. -W16 576 " I21~lL406 L -C: LNJ NCZ S It-L

.111 3 [max 473.3 .415 7 NQ - NC NCAla', zn '-",46576~ 't...:NC...1ZQA .42 NCZ :N--

max 473.093 7 .15 7 NC I N NQ
12.- ....... i - :,6.576 - J- j Z- - - 1 7-CZ 1 .J-- -: Z 7N 2..319 5..AL. max 473.093 .71 .415I.... -L NQ2.. Q22. - G NQ. 1.
in M13 -j- max 4731093 7J A15... -L NQ2. - NC2... NC1.

-122-~~ t,-fW. mn -6,576< -- iL 1 ?fi& QL _' rC:.,-Lii: N j -- NIn - -2- max 473093 1L A15 -L NQ - I NQ

min__ -- t;6576-' j f,:Q.....1 1Q1;JNlZl N 21-1.j.251 3_____ Imax 473,093 -L .415 -L NC N I NQ

212 4_____ Imax 473.093 .415 7 NQ N NC - I N12B<.~f~jfK-.66 I,'; t,,fmin .1 -NC LZ W22C:4t2 NCZ

.1291 - max 473093 7 .415 7Q

311M14 I i max .76 - NQ I N NC -
132f 4511V. . £ 3*" - __ __ N . zN .z!1

max 287015 .376 2 NQ I NQ NQ N
13 1$ min %" ,-'i3461t'cK 1t 2L!D2 -SI NC~t .5 ..ZNCSNS

1351 3 ~max-36N NQC137 - . -max 428 7 M6 7 NQ - NC NQ138 _ 1wn ~2441L4 I i~z i 1.~C NCL 'NC," N

1391 5 1,ax .7 G I N

141. Mi15.. -I Max 321-957 2.......28...7. 2 C NC8. NQ~N I22 NJ C~
______ rMin irA .52 898 L -"7 0~ 62i±DL... '.. .212.. tL~ i. 2z

J1AI. 2 2max 321957 .283 7 NQ I NC

Mix 498% .1 8 2 1 4 12. j- -
-2 4 -I 52pg -t* .. 24fl 240% 2N ! N

14 a 21, U ±L 283 -, NQ 12 NC 12 -C NQU

1191 Imax 321.957 - .283... - ztNc. NQ1

A51 M1 max 194.337. 7. NQ2L I NQ12 I42 I.8~ NC1II .N
_____~~.1 1.hU.r -1n ____ ___ 'It NCSzlL.... 1 Sf2 211 f0
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Envelope Member Section Torsion (Continued)
- .n -lc TI o-bfl T T Sbad J

1531 _ 2 max 194.337 -L Z127CNG N

1551 3__ ~max 194.337 L.17ZL N
156 1 - min 4324 o'Z...t27JzA _L 2. .2NC.. NIC iN

1571 _ 4max 194,331 Z 7 - NQ -M : - 1--N
______ 1.. -win I;"'i-30.264 Ar-z 0.t.272Z -L iNfl 11 1 z. ZN2
1591 5max -94,37 .17 _Z_ NQ NQ NQ - N -

160 __ 1 ~ -. 1 mi I..30264t' I w..0..27....~' I '-N2. '2 N2. "N.. jl12. -.. Nr12
IffLI M17AIL. I Imax 143,718 . -126 12 NC lCN. N N. Ii.2..- min !,--;2.473!-- ; .t.Z I k0 21 0zzI1 ;Ntz -NC-A....-;N

2 max 143.71 A 12 .12 NC I NC NC -

3 max 143.718 9 .126 .2 NC N NC NQ
" maxI 2A02B -2 ..2 L J;. 2N .-- .212... E .2 2. NC2 - C

167l 4max 143.718 - 26 - N NQJBI -,,wmnI - -2,473'1- -:L -:I,:,0 -- L . -NC2. -N ~ z r-"NCz. . L--
169j 5 J max 143.718 .. .126 -2 NC - NC - CAM .. .4 r i !": 2473 -- L t-'-002...~2 2 C:-* N ,1 -C :-j-N

max 143718 -9- .126 9 NQ - NQ N2
17A:_, Mill ~2 473 . 1f' z -"NI£±C -'.NQJ NQ1 ;,NQ. 10

IM i max 143,718 9 126 2 NQ-- -

17 :min >'r247 I:'C ;h~l~z..i 2~ -N

77 4 ~max 1378 -- .2 9 N CN
1791 __ 5. max 43J71 .9 . £ N I NC I NC I Nr1801 m-~ - in . - 2.473- ;,NZCl2......

1811 MI9 I imax 143.718 9 .12 9 NC I NC N1821t - m.4 in -,-2,473 .- r' INCll'L. 2.. -t2 t2 -t2. N 1 .
1, -. 002 1 re47 ,~ NC ID2.i NC -z 21.j

1max 143.18

3 max 143.718 9 .26 9 2. - NC N NC

187t -a 14A1 -9-5 .126l 92 NC. 11... NC2 NQ2.. NQ
nf. .... i -'42,473,: _L ktX.0 02 1, I .1I:IC, N N.~a~.12.12C,

max 143-718 S .126 . NC I - NC N -
_2___. .. ~-473--r. ' j A- vl0 tj 1 j NQ NC0 NJ C..'-. I tL2

max 143718 .2 J26 9 NC I 2C - N -_ __2Z_ -M ZL:4 2.473,$t.At ± ..... z.QQLL.. I 212...... -21NC. -N -,! !!1.. .NC
max 143.718 S .12L 9 NC NQ NCJiR '-24=M"- 1- 2.QLz I sCJ 2 .4' -zLC - ..:

flj ___ _ _ max 143,718 9 J26 9 N NQ N 1
2ft M22 1 - ax -2431 A..2L NC C N NC 1

20 M2 j max 143.718 .1426lt 01 ~ .f2 -9 NC I NC
202 Q1 * . ., I 221:t+2i. 471& -002 -I-iI C NC -Nr' .'C-

In __ ma =7. 143-710 £292 .126 -9J12 NQ02 NC NC

-- 2- !fLX5...JI 92 J26. .9 -Q 21. N1. NC
224 F.min 247 .1......f22 LL ..J 12 LNQQ.z Iz -NO1 A.. 1 40

-Q _4 max 14-78 - .L.12 12 - - 412 Q N1 21.. -

2473 -1 _:O2~L2 C .!: NQ ic NQ j
221,F Max 143,718 -9. J26 S.N2...,2....22... 1...

2111 M2J~2a I I maxi 143,718 S.- .1.....2L.... 1 N1 . 1..- t.
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Envelope Member Sectio hsa (o tiud
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-~ Tomiiet-ftl in ThrMnaSbearizfl t ar-. le. tzY&.. Wn -
212. ____ w -2A73' m00.fl2&NZ N -,Ci

=fl -2max 143-718 JL .26 -9- NQ - NQ - NC 1
2A __ - WiB3n - .2-473flt &2-j - 02 L NClZ .. INCz ':NC...v _ NC

2a -L___ . MM 143.718 -9- -. 12..... a N~C... N 2C.. N C. NC~...

212 _ __ .max 143718 -9 2 . - Q N NC NC

_E tMax 143-718 -9- .26 -2-. NJC-... N.~C-..
flfl03]f .~47a-, -*0:22 ~gt.: I zNCJ t"NCz -NC ;;N

22 23 I -max 143.718 .1 .26 -NC I NCQN
2221,- w-J in 1*1...t243tv:w.? 00 2fl~* I .;NC- l... £2 -NL fl

max 143.718 9 .12L 9 NQ I NC N NQ
22A .Min''-2,473. 1 JZ l22' NC2 I. ZNQl ZNC.. -?.2 zC

2a -L max -9- -. -9 NC I NC N NC

22L --- Max 143.718 1 9 2 .12 .NC.. I NQ NQ%. -m (N..
mi I NQ INr.I L- NC- L
max 143-718 9 012 N%. - I N .

2af .min[- ' t4473t4 t 1 SfDZ' 1: ZJN%. 'I ,NC I NC-
231 24L imax 143718 9 126 9 NC N C NC
2a2 ±Li Mi ",-Z73 -- D 02z' - t ZNNz 'l', NC-NCt :,
2n -2-__ iMax 141.718 .1. 26 -9-. .,NQ- NC NQ NC%. 1.

234 !', ,flb t-2473, -;:i. -1 '%! I-,0 - L NCZ1 S C L N C 77~ tNC, I
-a __Max 143.A,718 .2 A.2t -9 NQ1% Q 1% NC% NC 41-

236. _ .m~..i i 273 -"jJISlQsZ z. .21% -.-NC.z Li iNC-
237t m! ax 143,718 1 .W29 4%.- .126... -9C... -N NQ NQ I
24f ____ [m in 'P 2,473 . . - j 4:02:,: ±SN . 2 . .zC NtC' I22M1 .......MZL.. Imax 143.18 . . 26 I NC - NC N I

2-42 - i-mi w2.47 1 11 ,zCC: C:,243 M25 i Imax 143-718 qj J26 I C - NC NC

Amaxl3n1 1j W2L........ :NCI [ I% -41.-22.242. 2____ imax 143718 .9 2 6 . 2 N NC

.2dB win "_ 2473K > ±NCZ.~.1 JJC. 2Cz Nz 2
.2451 3____ r max 143718 . -9- NQ - N NC

.252. ~ mi -- ~ gj. - 2-473 9.- ,0 -L>. :1. fjj6  NC Z LIC:? NCt2-.~ 2 %
max 143.718 9 .2 9 NC NQ NC NC

2a in -. 24734 :.: I :, ,~z:'' .L- i-n-N z. ,- NC
2A4 max 143718 9 J NC NC NQ INC

In. M26 ZJmax 1 .26 9 C NC

r~w~ ~?42473 - ±2 ,OO2 t± j-4%.AzN 2 ili
- M143 18 9 . a F N- - -

I.tmn 2,473.4< I ~ L'NC '2% z'NCt' zutNC& .2
2 max W9l .126 - NC NQ NC NQ I

MkQ 7777 - 2FE7 473 L ... z.02z-L .. "NC z ......- ..- N ' C-- 22IC
25L 4 max 143,718 9 .2 9 NC N NQ - I

lminr: 42473t's't; -'00 -Z2. 2z I C1- is 0 nIJCL S NCIQ
2 -max 1 9 .2 - N I NC I.N

- m , 0C' ..- 2,473v:'f u-Olf Jt.. ' 1- :NC', I .zt s rc- N
-204 M27 ~max . .12 9 N

max

26 min 0 243 ±...022L 1- -'NCV ; NCL :,; c~ 2-INC

max 143718 £ .126 9 N - NC NC NC

V--, __ .'t.247 -4,:4 - ,2 I NC;; -- ,-!N S .2 %. .Z_a__ max 9 .26 - tq. NC - . -

max 14378 a .122 - NQ NC N NC- ,; ,, , 7 - L, -. , -*-,N - 'N - C ,
simaxi 1471 a .16 9 NNQC

max + Irnf:
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.271 M..282L.. ± max 143.718 -2- NC N- '

2M. . win 2.43.max 1 .9. . -9- .. NC N
-2A. - win o..243&b. -t ,Q~t 1'.0 A L~ LN 21NQ -. N N- 21 e

2Zi -L max 143718 -a- .12 -9- N Q Na ~~ win .4t.2,473w,''- 00 ;............ ±t2' 21-t 1

22......max 4___

max 143.718 -9- .26 -9- NQ N NQ NQ'78- Min !flll) -2.473',-, A. 2 , n. I N 2 102 iif NClf...-j-NO

max 143718 9 .26 9 NC NC N NQ
M29 _____ max 141.718 .9- . 1.....26L.... 92 NQ2. I I1-. NQ Q1 . I I1 . NQ

2max 1378 -- .2 Q Q I IN c I IN

-2a __ -i Min 'I?,f2473~~ j j- ~ Xj ± -D2 1Z2Q 21,C. NC12 2 101
2i~ _ __ Mat 143,718 -2-, .J26... .2 NC2. I .142. - Q N 2

2M .. *1f mi -1 02nnz I. tl&2: -M zN N.2 z.. , z
287 4 ~ max 143718 9 126 9 NQ NQ NQ

288 -jawin.-:2.473 .vt 1 ZLSD2Li 2 12- :INC::. LN2 NQ-zt C2
. max 143718 -9- .12 -9- NQ - NQ NQ

M2 ,w in "';"-'-'2-473- _L$.. :Z ,zt'!N~- :N NQ2.X~z~C - NQ'j
2912 4 M3 m1 ax 143,718 9-.126...... -9- N22 C NQ12 - Q NQ12.. I I 2

.2M........in *L2-473<>'.iQf-j 12Y10..L L 4N, Q N, Lf .NQ
M221 ______ 1 max 143,718 -9 - 1 - NQ N

-224 :___ win 4t--2473h> .1 L flL0h -- l .A-G 2-,NQ .z NQ12. l'' c.21
2Ki _ _ max. 4318 . .126 NQ N1 C I NQ

226-'-:v47 1. -. 002- 1± 82.. NQ ..J 0.z Nz Q .242 .I .212
297 4 max 143718 -9- .1...-9- NQ.NQ.NQ NQ
2981" -, ifl______ 2:- 2A73> If - 2 12' 1£JC'N '' N 1-

2991 ______ max 26 NQ N NQ
IM2 - in .r, ± -2.473 .1 .....-1-002,L.. -± -,-NC,. -NQ NQ12.- NQ:

3021 M31A _L. Max 143.718 -9- .126Z -2- NC2 NQ C 2 NC1-- 2

_2_ max 143718 .9- .126 9 N2 N NC I NQ I
.224. min___ - mm 2.473"-- .1 1......D~L INQ NQz2- NC 2 0 . 1....

3 max 143.718 . , .126 - NC N NQ
'. Jin ,, ', 2473'-' j r: L :21... .. 02'-' L22. !iNC 2 12.2 .N N C. -

4 max .77-110 -9- .. W2L5-- -2- -mn -7
-. . _2 47'- NC- zbzN-Q

2.02 5 max 49- 26 1 N NQ - Q~ -,Min ,.002 247 ±Q: NC z .l t 21.. £ 21..
,In M3..1A2L. _1_ max 143718 -9- .26 -9- NQ - C

Mix . '""' 2A73 A I .NQ W A I
Ila -2-_ Max 143.718 .9 .126...IJL.... - NQ±A- -Q NQ1NQ I

-3-1- - - ) min 127av Q NQ00 Z I; .zhIh NQ:10z 77 '21u '..
315 _3 max -9-71 NQ. Q..A&.. I2 NQ0.. NC2.-.21- .1.
316 rmin -'0 -L>t '21 -N-, Q2
317 4max 143,718 & NQL...,. NQ. I 2. NQ NQ1.. 10. ~4.

319 -777 ma -1r43,78.- -9- 22L I NQ - Q NGi NQI-
ts.~- mp w'- 43.j~fQ~.NjC'-..Q !C. __N-

,21 M33 I max 48749 ± 0D43.... .1. 4 12 NQ 21- -N NQ1-~

-n~ .2, ME Z4 1 .04311 NQ -NC

.324, _ 7; f...B2L2 3- _L712 J 1O zI10z _ 'NQ.
13251m- 481749 -L .043fl.2. 12 112 -N 22 NQ -2-
225 ~ 1 bK-k'; z- Lo437:839< -5- 1876iu .2 C'- . 2. . .212. .51-

122Z _ _Ma 48.749 -L. .0....43..... 1 - NQ NC2. NQ1- .. 22
_____ 'join -ff&'L2137 839 >' -5- -1. 2286, 74. ofQI NQ 4 2..N21...U f2

_______ max 48.749 .. .... f4....... 1 .. - .1.. 21.. .1..
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Envelope Member Section Torsion (Continued
- ph Id t.. _ Tormnbl Torsiob-ftI I. knli sbn l in. tzIa- -c tz &, r'nnL

wIn -2137,839 'f ' t --876 S -EA NC :M NC'--' L:Ncs.
. M3 I max 51-442 .045 1 . N NQ - NC

.32.........min <-2221-965 .5 LS2iANCZ JiCz zN - -I-Z4NQ-:
2 max 5142.4NC NNQQ

M331 - Z max .51.442 N NQ N NQ.33 - _:Linn ,<2221.95 .. -- Ai95u 51 LfMq.-i I 2z2-n Q r.

337 4 max 5 A42 4.1Qwin '4'C_2221.965r. 5 1 j 5~ -i [;,N '-, r N

+max C~~~ 4 %.~12 Q %-LME 142 1 .05 C I Q Q IN

41M35__ max 54427 J_ .039.. 12 NQ It. -Q NC- Ir I 1N
.342. _____ - min -AWT371965Wr -- ,75'.- 5 !N I ik~ 22 2

3431 2 . I max 44-375 1t I 1 N I N NC NQmin__ -mm.-1g77L374<';. 5 12i3.. V!7NQ : .LJ 1Qe Z NQ1% .tQ-
11AR 3 max, 437.09NNNQ N

___ max 44375 1 . 1 N NQ .4 1Q.1.
L.348 :,' wn -1977,374 i< I 51 Aw. 1fl5 _5_ ThS 1NC' - 2 NC-A n

r______ 3 max 44375 j f039 _ N NNNQ:- in -1977.374-Th' .5 -1j4_73t- 5 2±1 . -NC _11

.342 ~max 435 I Dt I41.~ % 2 %. M3L 1 max 23.427 j .021 I 1 N% - NC
1352.. -, 1!A241 Afl> '?-1,0 .- 442 NQ_ "NC NCl%.X Z!NCz

_2L_ .Lmax 23,427 1 77. 1 1 NQ I41. NQ NQ12. NC1..
.354..........- WI.l 1241.477 _5_ Q itz I N. f.. QC - 2 1%..N -

355 __ 3max 23.427 ± . 1 N I N NQ NQ
.355. :-,Iin --<-1241.477V<"5' ; r, -1~l.09 5 NQ;. NC:- NaL :12NQ"C

4 max 23.427 1 .21 L 1 - NQ NQ.35.. .. .... in .- 11241I477!_"- j -5...... A utIz- "'N 2cx ±12
5 max 23.427 1 1 .021. N G I NQ C

.3M mini 24l!477KY..i .5 1 A0 -L -LZ2 'I NC, '.C 111vzNQ,:*1N.

max 9,129 1 1 0 - N I

32a -2-_ max 9129 .. 1a.20 1 N ---- . NQ NQ I.. _a ____ in > -815,145 4. 1l ~ . 5 . .4 2NCS . q..C ... ' z.CZ 2.2ll

max 9,129 j I 1 N NQ - Q N. I-. In -<815 14511. 4 . SiM5 .4 2L'NQj NQ.. NG 2.t~ n4 --NCz .

max 9.129 1 1 .008 1 NQ-Q.N -INQ36 *mi . _84j5 45t .%, 41 ........ 71iL5 .. 4 LU.. -,Q 2..Nr... -z ZtlN z.

271 M jmax 9.129 2 _008 I NQ NG N NQ
3a1 m4x _L .715...... IA ., DC.....- '(;NC - 'N N 1.

M -2- max 4,i5L -a -. J *t..... &1. -!C - '.aNC... NC "-' ..
374 __ Mhn 1093_594' 8' ZZZit ZN!1 NQ11.~<*j

3 max .957 1 I 1 NQ NQ NQ NQ
mix 1 5 A ;kNC: .2 12..377 4 max -4.957 2. -_004C. ±1% NQ :%. NQ C N

Smin 1A093.594. 12- i ' A t1u NQV 1%
,Uj 42 -L max 1534,063 NQ N.~A C I 2, NQ2. 2%

.382 max 4340D6L... Ar I,..J4. NQ4. 1. 42. 1
254L:......- mm -t58_0 Int>p ~ ± 4ii ~~ 5 ~ l . ~ - -

355 __ 3_ max 1534,063 -CZL.....I N12.-2 1. '_NC-~f1Q

355.nil; t...58 5054 t ; ! 5 Z2 1 2NQ2. 7 442
L3871 __A.mx4.4fl3 II2%- N2. NQ1.. - -N

-~~7 : ~ 5.0 . ?f~-2 -N~ 15 21.-:1 7 2 NCt
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Envelope Member Section Torsion (Continued)

la82 -5-__ max .JI.534953L. -5 1-34. 51 NC I NAC. I22. -C I RQ..
_____ join m- 58,505 051~. ~f5.~-i-N . L.I N2.. NQ r22._9

3ML 434 -1 ax 1334,009 -5 11 5 21.. NC2. NC NC.~21.
_____ IDh >'-5&531 ':L' -04 1 NQ I:--? NQ. 7±~z 771. Qc

.321 _ -2-_ ma-x 1334,009 171t NQi NQ2. I NQ2. 22.~J2~
221 -min --049NC-31"NC-; ±;NI ZNC C

____ a ax 1334.009 1j 7 NC~t AQ NQ2. -NO1..

m38 ___ in -NQ.53 -N ZLALEI.22 28.
.397 4___ A.Max 1334,009 5 A1.... 5 NQ2 NQ NQ12 NC I22. .1

.38.W"mn -"~55.531 1<*:4 :04z 1<A2Z I AN2 MC- HCcu Mr -. '-:2 I
-5-__ ax 1334,009 51 .1.L A NQ-&. NC2. NQ NC..~.I
m_ _ in -*m f55,531'- 1 ±iz4 4 NC ';;C N -:Z;

-01 M44 I max 757.587 j 5 NC NQ NC N

____ '> win %t',-.f7,3flj 4 4z2 '--CU AN "NQa 2.2103 - ±02
403& -Z-__ max 757.587 .665 5&&.~- A G I22. NQ NC0.. I NC..

AD&- _ ~ 67,381 _A 059,'.1 <7' A N2 r_..; :,,NC. - - .,NC'..405 __ 3max NQ N AC
A-L A.NC4071 4_____ max 57 5 . i .2 . - C. N NQ

min 4.Sl~lr :- zt.al.L5 A zNQ .$flM P~
75-8 .66 -5 NC NQ C I NQI

M45 -I-__ a max 110.806 .t .0....,.f97,... .9 NC1. NC C. 0 Ir NC2 -

.,'. -m in '--362,073 .8. .-2i ...... .8. .2( . - NC .. N% . - N 10. - .212.! ..,
2 max 110806 .09:

41 min -362073:'-!'z X".1 ,'--'iC - !NC.. - .12. - N -JAM ___ 3max 110.806 9 .097 - NQ -

-4-M - mini ",-382,073 '' &8. £- - zU;1 .8. NQ NC.. NQ4.. Ii21 .

417 4 I~max l80 LHNCQ

.418....z win -445362,74I Zft 2. ZNCu NC2. 21 t 3
- 5 Imax & j NC;, NC

AL 110,806 -1ii M74958> ZZ9~tL NC N2m NQ NCt ~t . NQ
,in - _ mx 252 - ±i ;.t---62.07 6 '112 - 1 6 NC1- N - NC -NC

wi Z M465-I- max w2t52 L 1 . I NQ N NC

4 m4

-422- L-max L -272 . - 2

An22 -2- max -2525 L -Q2 I NC I NQ C I NC

42 in .-z494 56J;- ... 2Iz -... I0.2 .NCIu 1 zIY1C.z -. 42

3 max -2525 1 .002 1 N I N N
1 mx . 4-

433max -154 -jDl.. 10-.-. 2 2.. 22

- ,3max -j - , .J

-4n-A-max - .0 C CC IN
ma - 43 - , . -- N 7

4a -n i ,

A2 -- MEx -22 4 L -.02 - Q N Q N

-430 7777e x -44MT :; C2 -Nfl.. -. JCi z NQ I
43 4 _ max -15,43 -L .013 1 NC NQ

A3 min....A. Z I- A4741-961 - ir-A24, IL -L.8. .- - 28...

max - 4- 1..I21 ~±2 22 22,
Smax 143 1 S13 1 - 4Q NC -344 ___ min -- C I1

4351 3 max -15143

4,-M .14t4-.1 1 NC...Ja~ I I NC NQ NC 8
447 -A- max -5.143 .1 .. Af1 . 12 NQ 12 NC N112 NQ 1

-;!%I_ [min) 1474961 %, .81 . L ...J 24,LIZ a8 .2 12.. Iu 2 1;NQ N -

.441 M50___ 1. max -15A143 -. 13.... I I.~Z. NC NC~ll.. NQ31..- 22.
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Envelope Member Section Torsion (Continued)
Meb"_ Tovme-fiT I& onon Shearlksil k Yb. c zWr. i.ton W- in ztW.. in

A481 win - -14740961 1ZZ,'4294128 , NjCz. MC.....N.....z
449 s_ _ [max -15.143 - -013 - NC - NQ N-

wM in -1474,961 AL A29..4tZ ',NI C- -N. ACZ. NZ 2CZ 'NQ1
Aa 5 LMax 143-718 j9 .126~...41- 212.-±2.-41-

A - 9f! 0A 1 i w M2 C . 4 w2 2- .2 -9 N Q1 2 N Q4N C N Q
.4.54........ffjfl. 0 7 3 ''"ZLDZZ 1 JIC .zL±U_ 4' NC' 'Z2.21A51 _ __ jax 143718 * 1 -9- N Nc

_4a -: Mn :-2473 -j-j,!-'02-- LNC.-1.,N zNC t L NC-4max 141718 f .2 1 a I I.NCA I NC NC

AM mzzin> '~24732"_" - - £2D2, Q- I:N zNzCN~U-.ZZU r C-4 max 143-718 -9- .126 N C - I N

4581-........in L-473 :NQ.fQiz 2L....j.zC ... ~

4591 5 max -479 9 .126 9 N2 I I NC - I -4A2 -- ' Min -. 2 247345~ AL 3Lzz _L 12 zN t1 IN .ZLCZ - "-NO'

4U M52 max -9479 - -L N NC --AU MIDjf -248-~425> _. ..-.::--z28Z -A. NC2-. NG1- ..2:' it Z"L292
Max -9479 1 .00 1 NC - NC - Q46 .... win .':248.425t~' 4z5 2 Z 4 jf .!3NC--: N N1~ CS

max 9-79 t -QQ - NQ - NQ NC

467 ___ max -9-479 -. 00 - NC C NC -NQ468. __ min '-248 425 '-2j. '.'.,0' . :IC; U G iNNC C- tNCZ
469 ,jmax -9,479 -0 I NC N. 11 -4701... . r_ min - -248.425 *M8"4* AN t',"I.':NC -NC-- -:N

4 4 max -0.479 1 -008 1 1 - NC NQ - C721. 7'__ ',- mi '24A425*v 4 A. - u .2 u-4A I N - -N 21 - :112-2 A':LNC-

473 2_ max -9,479 -.008 - NC N NQ N-mm____ in -2 48.425~" -4- 7,z--218 .A.. 'NUCk . .212... L 212- .5 2 N1-.

A5 _3max -9479 -. 008 - NQ - NQ 1476 - - n .. 248425:... _ fL.fl n _4_. !JIC_* .i NC,,'. .N2. .&: 1± C

477 -A-_ max -9479 008 1 - NC - N-
478min --24842 5'4 2I- 4NCN2-I 21C L...C..;12NC

479 s max -9479 -. 008 t N I N I - I NC. 'nit; . 248425 .; 4 %.'"c.21 ~" L C,- . '. NC- ttL z .... 2 "I

48 M55 I max -9.47 -____ Min mm 248.425 Yw:. -A J.. NQ1~ NC 21.L .XIz.22

max -9479 N C NC I --
_4-1 _.:L. Min- 4245±_21B-A '- - L -NC I SiNC

An2_max -9-479 1 - NQ N I NC
- wi ~- .,248425rL. A Lzz218L.. A NCL z -. II' - 2 Cz2zNe

48 -Lmax -9,479 .i. -. 008 -L .N - Q NC2 -NC12 .
* * ..- i -248-425,.'< ft z Z 'z -Z C Z. i- N z

S5 max 1 - ~ -1.N NQ- NASmwn *1647e 'Z&tZ "N....... NC !N'

max 1016 QL 1 12-.21..-21--.1..-

14904 -.21 4 :r~ NG' M2~-I sNC1 .-- j_; .J1C.

max 1 .01 7 NQ NC NC N -
-~ -w1n .'-6647~4 .. rsi &1 zI lCz "N 2- .12.

- max 107.161 7 .9 7 NC NQ NC NC

max 107A11 -L -09 NC NQ I NC

Sao mi___ n -219 ; . 6 ; j, I .t-: 01 1 2. NC0.... - 210NC.. 12
M1 __ max .... 4i.L... 10 50 j .W26..... 71 N N12 C2 - N1C. -

-- .. M in "~-2.198 ±t SLz-'.52 .12 0 21-Zz oz L~ 2
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Envelope Member Section TorsIon (Continued)
k. nmnaTorniShearsMl 5 ztL1Lk0 k L SLQ

ML -A- max 15058 -26 NC N k.JIQ. .±Ic N -

inin -2,198 -J :.002 NQ;
max 1- -122 NQ NQ I C I NQ

',-2."198 t'd00l2. - 1 .. WC NC; I mQ '- _ zNC.
max -29,376 - - NQ NQ _& N I - r

.iz. 3d -?*. n -1 2!65 A. -A ANQZ -'NCz I-NQ. 1- I:NCz.
max -29 -. 26 _ L N Q 0.I..

__min_ :_''-177.6544 "' A Slf .4. LNC,? ZNQ N -
3 max -29376 -2 1 N NC - I -

Al -~max - -~ IJ~Q. ~L 22.- ~2.

.. ib i; <177154' A- 1156 _ -N - ' NQ' -j N2± '~ -N

max -29-376 -0 1 N NI - --

518max -'-77654 A.
_5- ax -- 96376 -L -.026 - - NC -__ _- M in -17.5405. 156A_ N G ..1.. -' i.l L

521 __ M5 r Max -3.065 21 .03.... NC 7-7% N- I Nl
A24 " . min -742305*- 2 .....fiL.... ..2 2. ... .Lt, S; .JJ .'.. - -

523 __ 2max -3.065 1 .003 1 NQ N -.56 ____ in.-7,42.305 .A 2 651fhZ .2 .2 1.. . 12IN :E .1. 1 . I

3 max -3065 ± - -. 003 12NQ4I NQ-NQ 2NQIm-742305 9 12 z-z'65jz... .2 NQ J r2NQ N
In_ Ma! -30 65 1 1 . 0032 .1. NQ10 NQ - C NQ1..

15M __ -Mi -742.305, 21 tQ6f5L. _2. L0 N 2 . Q. 4 %-N :-NQ

_L max -4744 4 003 N NQ NQ NQ
- - - .: mi - -- .5 -. - -

5311 _ M60Z1max 1-4 L .013 N NQ NC NC
531- Min v -878,727 '' 1 1' L3 NC02 I2 12. 1242...

-M -2. max 14,744 jL .013 NQ NQ NQ --

rLdna- '-878.727 -3-2<'. a- Q Q.~0 "2 - zNQ 'I NQ

_35 _ 3max 14,744 1 .13..... I NC r I M I
ji '" -878-727- %%Z.~z N3. .2 1%. ... NQ 21

537 ___ ______max 14144 1 .01 QNC
Im1 -771

M s ~~max 474-1 LN QII

541 M6 max 23708 .20 -2- NQ I NQ - I NQ
min e.'-j154505 .a .. ,L 2 S I . ; Q I NQ

A. maxl 237.08 2. ..... 208r.. .2 NQ%. I1 . N - NQ10.. I NQ%.

,545 -3 max 237-08...... 2. -QL 2- NQ%. NQ Nr%.-.1..-.1.

- uoin '-10149505 3 1 -. 0286,DtL .a.2' L-':NJ.''-NC 1.
54 --max 237Z.08 2 22 2. 20 NQ%. NQ NQ2. NQ 21%

M6 9.'22 43S,5. 2 .828 2 0 NQ N % 21 .
m. in -'-,1014,9021. ... L 1 3 '.Q z ±1i -6 .210...N.. L-

25 - Imaxl 943975 2. -. 8f28... 2. NQ I NQ.. N- NQ.t0
~~'-1014902_<" 2. 891 '~~£1 .zN Itc : .:.Q. 110-

__ r - lN* 2 ' 2 I22. -4Q' :'J- -N
557.-02 4 ~ max 9497 .828 2±0 __ *NQ' H LNr I I

.554L M -' rin" '10261682 -3 %AC..D...... , 20 J C. 1..I
_____ 5 max 943575 2. . 8.....28.... 2 2 .±2. NC0 -Q ..N0- I N.t4-
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min -1026-j68, a_ --zoLz. 3 a Q -.LztCz.LJAz -ZNQCZ. .
____ _ _ max 1057.785 2L -S28 -L NQ~ - Q I ...±f I I NC. I

_____ min -1026.168 .3- j 2 -901j.: a1 UANz. 7 2Ic;. .z. N a C,,
_._ max 1057785 -L . 2 N I

Min' -1026.188 -L a -0 a..a u;i: NQ' .- il -2 itNC
571 d L iTax 1017,137 2-- 4893 Z2 N1Q.. Q - 1.. NCl~

mn -1043.986 : a ZS &' 2. NQ. INC, vNQk, _ Nr,
2 imax 1017137 . .893 2 NQ - C - N -

'54 minl -1043.986 3 .1f2Z a. zt&. NC 2 G,!~.. rz 'j:l~ -

max 1017.137 2 .893 2 NQ - NQ I N.
flmin -1043,986 a :si-96 3 a N , r,~ £NC. 412 £2 i-.

577 __ _L itax 1017,137 .L .83 -L NQA2 NC NQ2. I I32 -NQ22

-5M ' ,_:_Mjn -1043,986 a3 3Z262 aN , .ZUC..z £.N-% -1&NCZ
max 1017137 2- -8 2. NQ N NQ - I

Si' -1043,986t a. SNQS NC'-- 'CN I
81M6 I 598max 759,625 2- .6 Z -Q

581 min' 487-393:..' aQ NQ~Z2 a I~fz ~ 2 12.
7 max 759.625 2 66L 2 NQ - Nc - I

__5u "mi' M87393>t a .. %ZNCz: a NCzL " . >'NO!
3 max 759.625 2 6 2 NQ N C N -

-Ii -8 -3 779793~ a. ...... zZU aNCZL NCZ Z.NQ,. A Lflz
4 max 72 2 -NQ C N

Mi -88,39 -3-__ -:4'-779 2': 2. N ~-NC- NQ k LCr5 max 5,2 - .6 - N Q I N
59. -- min' -887,393 -3-.1...ffZZzz a- '--NC . Nc:, .czN y

591 M66 1 max -N52. ~lLI3 22812L 2- .283 2- NQ22 NQ2 I Q22 I 2 NQ
5921 __ min '-5l0:599: 31 !:--rAA&1 3 J'NQ N -N . ;:- N -

593 -2-_ Tax .322.812.j 2B28 -22 2 - NC12 -c c I 2N :
_____ - Mi -510,599 -3 -. 4 Q Qm iQ IN

__05 __ 3max 322.812 2. 283 2 NQ NQ I NQ
-min -510599> 3z*A tz 44 '-2. LNQ Z'NC~s12

597 __ 4 Imax 322.812 2 .283 2- NQ NQ - NQ
- - .. -510 99 - .
7 4 max 3 : N Q : Yr

Mil 281 -2-__ C I NQ22 2NQ. NQ21
601 M67flL. 1 max 83.917 Z M 11 C NQ -

602 - 4 6 4 ':NC
. max 83.917 - . 5 NQ N I NQ

SAR4 -' min '-2799,;,'-;L - .24 r? 4. ± NQ iz!!- ..i. h1-Q- ZINQ k 2 .
3 max 83917 4 & A I N NQ I N606 __ - min' .- 1-2799' .4. 77z26....ALNzSLI.

_ max 83917 .074 A NC NQ N
m in[ *.%2799ttrA C4 -A -NCQ- II~; ThC<; 1'. 2 - 1.

5 max 83917 5 074 5 NQ - __HQ - Q
min__ fl.<,2799Y Str 4 4'.4C A.N ztiQS t .N2; 2 N82E Q

max 252.73 4 212 A NC - 2

_LMax 252.73 41 .212.... NQ NC12 _M N42. 1. .1Q,
614i - jjt ! '4-6224:."! i L...oL.... 2.. -T0 -L 12 ±.N;, i2 1222 NQ-, .2122 U -

615l 3max 252.73 4 212 4 NQ I I NQ - I -

AM :...... 6S224 < jL 0 r -,Z: INC S i.N.- m
fial _ _L Max 2521 -4- .f12 _L JCj~ -IN -,W NC:;22

fi .F . -4-4~ < ± 0 5~ > 2NQ & 2 I L ZN QS I N1 2
flfl i max 3ff 9fl.. -264 NQ,1..-222412

621 .M69 max 249.038 9--NQQ
622.A.- in -18i< 4 '1 ± .i2NQ; NQ2. 12Z
62 UI _ .. maxi 249-038 91 NQ... NC NQ2.. 4 1C... I22 1L62__ m inl %-3811 i>-> j -1,;. I NQ SNCU .W _:L 2 NC zI :
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Envelope Member Section Torsion (Continued)
mA .. t . ... . I

3 max 249.038 9 20L.9 N I NC NNmin -3-811 J_ ....-±z '03 Ni Q £UZ ''M, 2I ... NC S!- .--
&a max 249.038 _9L .208 9 NC I NC I NC

Min w3,811!- ±L j-".r__003.....t LNC-i ... j N .NC-1 i. n: ztL .
max 249.038 9 M8 N I N NQ NC

inan m in -:"3,811" -r hj ;;ool3.,-± N:I fl..Cz
-0-3 Z i70 1 max -29376 j _L N I - - NC

£3.-v "rIn "'--17766W' "I. A_ ,5 ~ . NC.. ':1. A I e5 . Z.NCU Iz ,C-
633. 2___ max -29.376 1 .026 L Q I NC N NC~~~~1 min -177.654 Y,..'j2jL'f'AUqzw.N

-6 __ 4 max56 4..nai IC- Q2 ..... 1...; .21G... - 'N JA .; I G
-. max -&K 777 - ',i m 177.654>!- :: inQfl 4. 156nla C.2 .. Zra NC:.. ;o sNC -
__ max -29376 026 1 NC I I NC NC N

M -L max -29.376 ± NC N NQ NC
-6a __ m.. .M77 ! W6544.It< A. -A56 .A- .LNCGm J-C-! ZS..*.ziNC. 7__ Q
641. M71.JAZL. I max 16,044 .014 _ NQ N NC NQ

642 7 M.in 4'31328 6 6.ftz2Z9. 6t J G...J±C I .L...NC .. m...
max 16044 1 . 1 4 G - NC NC NC

644. m' ~ in z318-328, St __-;- 79...ft NCI z ".INC ij .NC - -NC.
max 16,044 3 .14 1 - N N

_ _Thx 16. 044 AL 3.014 1 N - I N-K NC

~649 - ~ max 16.044 jL N N NC NC
rgmin. -- 'n-318.328 NC 2 t...... L~2-. 2. SI.. -. tl.

651 M72~zL.. IT max 143-718 .12 -9- NC NG I C NC652 _ 1 -. i -"-:>0473> ±l -:SQQ 02wZI 2.. . t CL: $J'. qNC ,4N
&53- 2 .max 1436718 9 .. 126 -9- - NC I NG I .

____-I M12n. -±..,73 002!-,.aI'j..~ NZJGC ;I.JQ z ..fz...i1l.2
.3 max 143718 -2- .126 W N NC NC I NC

Sao 777= I'- win _, .: -2.473.-j n 21f v"lQ*± I _J .NC: .- NC. -,C; -:G.. :NC~
- 4_ max 1436718 .2-

£5Min __ __ 2 . 473< 11 . "C0l2-'L.L..Q' .. NC .2.. 2 1-NC z ..2
5 max 4318 .126 1 N NC C I NC

______ min '--26473 p.;~ NC. zN .zNC. -j :NG.

138 a -L. maxN QI
max 143,718 .126 NC NC NC.I.N&64_ 77-7V "'wio 777,72,473,7 1 .'....ziflf2. -7tj ,NC

&I max 9 - NC - N - 11 -

-O 777771

.C~~fl. M jin :L..47 _. C.02~ N12Iz..JC, - INC.. I2 tl.NC
667 4...... ~ max .718 k 1 - -

668f "21? min -; 77122,7 -- 22 - ibG "J- NCNGL'
669 - max 143.718 9 26 G N NC r NG

Lfi A: wli 1. .- N in !.-,,,-2,473:, 1i1 N± .j ,- 'ZS<2 2--,NCN-ZI,)C-NC-

LU 7 mu S.L 22t....... 4L NCIC .,I... -M~1. -r
&a, w~~.<wn~ a..7,., Z--2- 2.x.16 . .iNCZ. £.NC. .?NC. .. £NC

.674 win ....... flQ ,z' 51. ..lsNGZ NC IZ 2 1 ; I'L C& -f
&M5 -Xmax .126 I NC I NC 1

c241 .±.....D02,:- iENCIUtG J-N ANC _

67.4max 143718 - 9AG NC. NC I NC

~a.....bIL..~max 143.718 29. 6 -2- NQG.. NJCk NC- -JG..

£82.' wn '' "..243l~. 2 22002S 1 NCG.. L'v'INCZ .112 JA
______j max -49-1 NQ NQ...S~........ G...-. G... .JG.. JG.
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Envelope Member Section Torsion (Continuedi
- 2 mbr.. 9 ToiMftI kn I SealhflIn nr. .I z1aL 0X.

r:wn -2473-00NC MI
-3 Mn 141718 9. 126l.. .9 .NIC. IR .JI... a...
inn1;--2-473 tzS irtJC, IzC;...C -1NAA~~iL I -.021 9.JA2-.-.A-.

687 Max

flBiK~V. ,- 143.j &j~f t.N2z&~ 0
min -- - 77-

9nw-I043 maxNC NC~215£ ax 143-718 -9- -126L -2- NC10 NJCZ NC0.- 0
.622. s l -. 2473 . 2. 1 Z if2Z 11 StNC i- NQ HCZ.

max 143.718 9 A28 A - I - NC -
692 I. *'M2n~ _247 1z2flN2±2Cuj.NCz; :' "2NQ- jN

M ___ max 143718 j k C -C NC_i -473 (i..ZZfl2.zZ.tL C.ZZ,.W%.. j N

max 143,718 S .126 -9- NC N I --

-,7 ... max ;WD , - - .
]n -2 473 .1 .ZzIlQj.Z.-

SQmax 919 N

-. 1A- £ 141718 - -120 2 NC N

104. - w -:n-471 ; 00i2' 14 z NC... ' ..JAC-Ij.S LNQZ..

5max 129 9 .126 i -r NC I NC

LM:i M77lfi4 _t:. A.JziiiZzA 2NCZ.- '.±NQ 2..NC',z ZfI

max .129 1 NQ NC NC I - r_miot  -14 1.AM;.

L703 _ -- Max 9-129 1 .D L... .1 0 NQ NAC. C I 0 I 41C
Z"U)i~~ ... -815-145.A ~Uz A 4 NC -1 C: 0 !-,NNC

lii Mi.. Jmax -. 2 f0 ~- 20 I .1.

Lma MEn* 49-127 .2 .fS 008 10 .LINC- NC zIIC -

4M I

4 max -2 1 - I - NC I t1 -

.ZMA m___ in 49 5457 v, . 7- "'I _4- 'NIC7zr -C: MQ1~ z. k0 zN

79 - max 2 z - .

711z78z_ max -2-525 -L -- 02,. i- NQ0.. - Q NQ1.. -N21.... 3 0

_2_ max -2525 -L .f02 - NC - NC NC

max -43525 - .02 -L NC N C N -

17 4 max -43725 -L -t...... NC. C20 N- N1. .J1..SC
124. rn. in -49:457 -- 2 5fl2t 2 *-NC ZNCZ r 2 0 ,-NG..A

719 -5-__ max 143528 .9t .002... _t NC~~- - C NC C 0,..1

12L A..9 1Max 143-718 -9- ... 12.... .2. NC0., - NC1... NQ21%. - N10
rftf I ,-- -2473k:-"i . A A21.y iNrmr. - C {. N

-2- . max 143.718 Afl A26 . 2. NC0 I -NC. - C NQ .-

724 mn~ in ' -473k I1' 24ZNCZ I'NC NCh zN2L z. INC
Mt Tma-x 143-718 -9- .12 9- NC -I NGr ~rNQ NC232.Mi L2<' .umg-473& ' J.. " N .. 21.... zJ C... >NC-

43 Imaxi 143-718 -9. NQ10 C 0 - C I 0 NG1

72 j1 Max 143.718 a.9 .2L6...... %. 0.-.JQ.. -I..
=77777L_: wini ':-,.2-473-!.&L'9 N Q I NCi~ I .0 2.21 .. I

M1 M89 - max 143-718 .9 .1W2 . NQ10 NC10 - C 10 NC2. -

m2in 124 73>1 liZ2&±.N - -L-

241..-3 ... 4L.~max 143.718 19 .12 0. NC40 NQ -. 2..22.--- min -2-473! 1 l2Z 11- NO 77 NCsfZ
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Envelope Member Section Torsion (Continued)
- MAember. S - miflbt on I kSea~zO 7~.a. n-- n n - i

7431 2~ .max 1437 8  9 . _ C NQ - C
7 e44 -- 00 _L .2-N2.

-i L Ma! .143-718 -9- 26L.... -9-. NQ.. NQ2. NQ1.~ 2
2dB. .!:r'. mlin -2-473. -f _Lz;.22za. I ;.C! AC NC1.S 22 . 2.

7471 -__A-. max 143.718 _9L .26..... 2 -9 C.NQ,. NQ22.7f AA'w. mm . -47 _L j oo.002 : _L -NCZ( 2 n NG'2. 1 NC;;.: Iu iZ±CJ 1z
749 _L Max 143,718 _9L .12L.... -9 NQ2. NQ NC12 1. .1.

flO. f4 ; '--"' zt min. o:,I.2_473t:'I-- 1iV INC -NC~0.~C NC b2Ud 2.ZZN
751 - M§3 I max 16044 1 1 .14 1 NQ 12.I.N I NQ

72A-'.--_'--f ,m in 'MA.:.31S329 m,- ft :IS'<&tt229tm:;:. ft C Ifl .Nnz NCLNQQZ
max 16044 L -014 _N2I

ma ~~max !23832 ti~Z

,754 iv* "A mini.38.2A S >t>.279 :ft z1fl NQ -"N NQ I iNCl..

M7B1 3..2&BL... 4-max 16.044 L .14 NQ NC r - -

.z.- ma3 4fl..... 2. NC C. : NQ'-,2. I -- -- . - --
4 max C604 _ 04 _ Q Q N

!;jin ,..ir6576.:w9w jj SLCz

5 max 104 1 1 CCN

4Min06 .7.. A;.27 - 7 :6 212NC. !2 12.. - ,N ,21. -q .,NC2 I
761-'~ M84 I1 Max 57 1 :04llf' 1z-az 1 .014 12Z. . NQ 'NQ NQ

mlii -NC-,'~max 4734093 J_ .4A5 L NC - I - NQ

764 35q 1 ~a2 .2. zNQl - NC- .INCZ L -,;NC -
1a ___!!max 473,05 _L .415. _L22. NC C 2.. .22 -NQ

1,t tmax .L!14
Ca --N-

max -3 7 415 L NC I NC N f N

ZnL ip- , .min A.-742 It05 .:-;::-0k6 I"- .2. C J±1 2 , , NQ1~ : I m'-- . -L-NC!" - "

769 _L max -3093 .415 ±L N C I NQ I I

M/ 1, mu NC-742 305 -42. .;N J,'~.2 I2 L~

max -3065 _L -. 003 _ NQ NC NQ I

~~fl2~_- 'MQ ; N _li f-4230 .2 . N '--_

max -305 -L 651 W r

774 __ mini r -742.305~' MC-tO,"" .2 21..U 2
- f2 2CZ

775 _ 3max _ .003 1 NC N NC NQ

776 A1w. min 912 65 2 tSff5-NC

777 -- max -305 1 .0 _L NQ - -I779 5 L7 max -1065 L N N I NC NC

780f 2.-<tr. j _-742.305 7 .. Z~f~i 2-- .2:2- ZN2S ?NC

max 3 _L __!5 L N NC I I N I N -

79i -&tib< -- 1C-.742-305 -si -2- z'..5jCC, N2 I±C I2 212 NG Iit 2 N
783 -2 -M-a -36 .0 C N C I N

M113 . 112 1 !.J 1fl±.

ZZIL miii -612 >"5-,' 4 , '1C'~- I " C zJ4.LZNC;, 2:4

22L~~~~max 352 4 1 .4 n . 2.

Zr $(i finn-- NC .. N .-

785 3 max -3.065 1 -.003 NQ C NQI NC

777M77 miA -. 62 2 - 23 - 'NC IC N. NC

il ..41...~ max -305-.~~ .03... NC I.J 2 NC 2. . 2.
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Envelope Member Section Torsion (Continued)
Mew S Tnn'efb-ftI mo S ty.ar. .. in WA -- a i W .i L. 
jw , in -742.305 .6 1-... .2--N IN - - NQ-' --NQtL~ NC 1 1Cc

_an -2- _ max -3065 - -- 003 1 NQ I NC - C NQ
JKQt -' 1- -742-305 _I .651Z 2 ZNC- llz 2 NQ- NQZ. NC. 2 ic

-Ox . ..
Ba -0- ;. nabi -742,305 -1 r.-.651Z 2 JUCI' NQ: ! -Q : c -

- max -3065 L 003 - NQ - N INIQ
Min____ -742305-. j_ - .65 _Z -'C' NQ IN _- 'NQ

-max -3065 1.f03±1QNc INC IN CN
810 . in .- 742.305, 2. -1651Z 2 -t1C - zNC2I .. Q . INCI,2

An. wo I max 143718 Q1 26 -2- NQ Q I
J~ w5Lrin -- -473t.. ,C% NC, j3,QQ2-.>j ... .. NkC-,-

813 max 143.718 -9- 26 - NQ - I NC I C I
mii.... iln ' 2.473 :1 -L .:.A0cI lCz f- LNCzz IkiC, ;N- ;i4

max - -9: .126 2 G I N- NG N
46 mIio -%-2.473: -L z.40S2:..._t.. ±NCc _2102, tN±C z ;NCc

max 143.718 12 -2- I NQ N NQ-l win - - 4-473t: I .o':,'' ± 1-G.' Z±$CN Q 2 ..yC .N.±
max 143-718 j - NQ N N :

Bf201 ~ - mini '-2473 '- I Z jflQ02 .1 zU- NO1C ',NQ _____

max -15143 ± - -L C NN--

M - max -15143 -. 1 - 4 N NQ NQ

max -1-13 . ft 21c.-2C 1c 2C

-84 .. min - -474961 :." -0- 1-2.,42i.. p;..-. iZNQ-z NQ1C :-,NQ - Z±NIC

Amax -15-1 IL -. A- - NQ N NQrawin '--1474-961 oN±SLLI 2C- - NCz2 1c 1C

8a -A29 - ,C

4 max -15.143 1 .013 1 N NQ N IN- Q
i -.. min -474961 - - --.2m . I --IC 2J NQ - %NC - 2-,.Q

max -. 4 .Q

fin i~~max 45 Si2 C 2 C 2 C 2 C
max -.1 NQII

fl4........mini -ff~l R. 7491; -1,9 2.±IC NQ 182. f INQ- i. NC

max -4957 1L - 1 NC N

Mia ': w -1093.594 , 8. 'NCW-I1-Nrs:- -NQ fc 18Cc 2 cc

8max -4957 -LV-.04 021NQ I 1N cNQ NQc
rain l S : _8 .7

fnmax -4957 1 L-.004 22. 11.. NQ NQC NQ N Q

rainm -- 1093,594~ ",N If~-6~' j NC.- ~ " __

.839...I. £. max -4,9576 -. o NQ -I NQ Nr NQ.
j80I win 4"40-1754' - fL.2 2J 1CZ 2AC..1 .2NQ'. t- _

-4 1 9 max .-- 22Q376 £L -. 26L -1 2 -NI INIQ - C NQ12 1
in _4_ NC.,,,. C NCg~ rNC~tW

845~ - Imax -29.375. j f.02 , NQ1. ~ 41... 1 m I C

8M5 3 max -29 376 j 1~~ -02 1 NQ- NQ -Q N

ILA& %., m' in -- lA77654-- - 4 1~ Z AY- 56'K'r 4. 282.> NCe-N S NCZ
hI.maxI -29,376 1 .0Q26 1 2 -NI NQC.. - Q JA. 212.

mii '- '<-171.654'i.-4 A -4-6' A sti2 - joNC;-; -N2Q. pj
85j MMf 1 maxl 0 0. 1. NQ Ia. NC 212. .212. -I.±

Min -309. '10, .1L.NQS NN -1
imax 184,527 -9 .1c,4 -9 C I NQ 4NC - INIQ.

MID 30 -' --NQ .NC 1 2 2
855. 3___ max 184M57 .9- .154 I NQ2. - 1.. 412 1.- in -. _3_309 

. : 'L 'Q03 Ly? j , : 12 2 f2 .. I- ± C859 __ max 184-527 19 2.14 -9 NC12. - NC2. .. I., 2.-

____1: ;-nn0 -N *3pM.' -1CkSN' 21m cI
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Envelope Member Section Torsion (Continued)
rwjeLMb Tosin hek arl.k- 7-7 WarlL~

4L 9 _ max 187.52 -2.....h..,....f..- .16 9 NC I C- NJC- IC.. --m ____ in .- 245M24. -: Af St2I. NC-' w. NIC-* IIN '. S SACz.
_2L max 187-52 . NC NC NC NC
''Min -245-924 -2.116 A-LCi LNCZ I! NC.- _NC

-3-___ Max 187L52 a. .165Ji... N2 4C- NC N21.. C- -NC1.

Iwo w~r min L*245-924.A . 21...... "E .NCZ N2 1z2..2C- 77, 214C-
MIL 4_____ A. max 18752 a .165 NC NC NC -_NC

j~j kx t"-. tnin' r-245924 6 Az216..;.r.. 6 :NC' 8.U22 225 max 9 165 - NNC NC -r

187 MSL... T 11Ma 143.718 _9L .126 -9- NC - NC12 - I22 NC
Faz1>s.2.wMin I'-2473". I r zL 9*Nt I~ NC',. 1z .NC'.-,± max 143718 -C- .12 -NC - NG __NC NG

3 max 143.718 9 .26 -9 NC - NC - I N
min. f -473PMT3 ±j ZZZDQ2Z 1. -- NC2 I zNC 2 aL zl-m<

877l - A. max 143.718 1 2 2- NQ I NC C NC
87 1 <' * . - in *''-2.473 .1t~ 1t. .NC.,, -A -N :I 'N LN

Mla £jmax 143718 9- .126L NC C, NC -

Bit I Imax 143-718 .126 . NC ---

min -I2_473 _L -Vj :NC02Z jJ ,NCl- ±NC.. .NC. 77.
z max 143718 9- .26 9 NC I N NC NC

002max 4 ..... N- -N- -NC

3 max 143-718 _9_ - C - NC NCfiifl ';,.2473, k...Je-1 L-fi j. NCI: ZI+NC-l NC0 :.:,INC- -

max 143718 . 26 -9- - 1 NC I I NBs I. .~ Min, -2-473 1,~ 1) " 22iQ...1 INCS;NCU - 2 12. 212. -
5is .. st max 143,718 9- .26 9 NC2 NC NC1., - I NC12

~~tm< in -2.473 ~* -1 1 -N N.. .A C2 2 .1. AS zJCZ.

max -___ -
-LU M99 I Imax 143,718 9L .12 9 NC - NC - I - NC

-89 -2,473e." 1 2 ZQLZ,,N~~.2kJANC.. NC .-I ZJIC.NC

2 max 143,718 C9- .16 9. N NC - IN

.jML ,~ ~' ! ';- 2473 002 ?. z s at .N~ . 1 L - .1 K .2.t
_____ __t_ i zNCz -±NC- SiC* - :NC

s1j. 3nn~ ~ max 143-718 .26 NC N2. - N-

_ __9 _ _ mml J_.24 3 M ± 0L ± j NC - :'.N s :,NC.

822 4 max 143718 9 .126 9 NC N NC -C

~~~_, 'v .'w m4 in r;-"t"-2.43 '~ ~ E~z' . IIC ± NC2 i; L

max 141718 AL .26 9 C - C - I -

-2 M10 wI a 91 S126 -9C I NCIC 2 2 NC. I' zNCz I
%Amin zn '91-002wr I 2. - ±t - r NC I

903 2 -~-win max 14718 9 -26 N C NC
-A -r - 9j 1 2. 1

4 max 118 .12 -9- NC NC NC

J max 143718 91 26 9 N L12.. NC

____ __ in .c273' " z'Z. 0 2...... -L 'NC;, . I L1 A NC,:2.

ala-2._ £max 143,718 I.1.26t..9I2C- I NC12 NC12 N C-
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- Amk S - oms lf -IQn -hearlsl -sot W- Ic.
921-n I n -2-473 i afQ2ff- I IZZL....jtSNLNC'IN(

1A2M93A I 5max 31532-9I .24 ±1NQ NQ - - 1
-2 r2 . --1 Min ..6112 -L j - NC -i '-- -- -:-z

mZ Tax 315,326 a 264t .9. L- -Q IC Q NJZC,. - .JQ:
*-MI' -6112

max 315326 - 264 NC I NQ NC -J -

4max, tIS12 . .6 C IN QN

928 min - -6.112 ~ ± o5, - I .NC' 1 zNC- H SC. v NC

929! 5max 315,326 . 264ta.NQ.I.NQ NQ NQ
mm -R >--112 L 'NC:; NQ JII-.. .J LC-j'

91 M94 Imax 15326 1 .014 1 NQ I
-j J ma8 ; -0 - - NQ"' I N fCeN - ..j -

MfM max 104 4 1 N I N Q NQ NQ
7w'i in .".-318328.. NC,'29t>, NQ -N3 N

3 max 16044 L 01 - NQ NQ NQ -'w in -318.328 &- f - '±jSZtZ' ft -'NCC - NQ ztAs S.ZN

4 max 6044 1 .01 - NQ N NQ - 1 -

93n 3 max p 6.044 1. 1 sf14 1 NC NC 'NC NC I
941 1M95 I max 16044 &- NQ7G - -, -242__ _ min t-'--318.328 1 I ; f± Z2 2 6S'ftI..~ N ' .J LlQi'sNI !t.C-

max 
16044 

1 
C I I -

NQ 
NQ

-W.!nni -u v318 328 ft _CL %--.279 z ft INC 1Ct ~ l -J:NC- '~±A lr
945 -2- max 16-044 t .01 - N . N NQ NQ

,946 -- !M112 "-.318,328 &f !::A :4-79 r SL-NQ-CLs:"NQ ilN QLsflZ NQR-'
24L _!L jmax 16044 zL .014 IJC. NQ QJC- - NQ- AC..

Sn ~ ~ i .9<. -wp -1.2- f .6, 279~ r& zI'iNQ NQ .xl Nflz N z.Ci -

942-L - ~max 16044 1 Q0t 1 NQ NN I NC
_______ mm .31_0_ f -79 .z ZNCS N1 i ti -z 1fl

,950. - .Ii --1 R -127.7 f-N 'ZA I4Z NC IIS .A. A Q. A
951 _ M96A 1max 2570.716 - 2,152 . NR - NQ.25. ~ I in- 1927977 -:' ftz4fl142i- 6f; NQzUNQ~~NuZQ

-2- max 2570.716 j 2A--254 --9779 tJL±il~t - S.NQ IA NQ' NQ A I N
Ba ~ ~ ~ ~ ~ ~~& ____ ma 5016 12fL .AR -AR. -SR -NQ1R--

.95&'' n win 4 -927.977 ft 61 -jftj ftI~C ztl. z Z NI0.

max 2 2f12 - NQ N NQ - NQ
-- raa - :4 in-9 2 7 -977 ft A, lz.t614CL -A .NQ'i NQ IR. -NQIAR

4 max 2630-1 9 212 A - Ac - I -

in ' "t-2192854 27 .6~ ~ zi ft ZN s2IR I.R.S 4

max na .JG..-AR..I--AR.

-win ".21854< ft..Lft lkN- _ NC - NCt U
Ji ia 't22571 ft91 OZ f 2,152 9- NCR >NQ~ .NQ

-2f 422 AIR - JAR. " - QIS-JR
2n M7A - max 2630,188 a 2.....202D .9-AR.-A - NQ .NQ.. - NQ

1 tinrin ;w2128.542 7- ft 78 SLB> ftARS.NCIz - z LIQ

-2- max 2630188 9,209 Q Ar NR - NC

A'.-:Einin m -72x 28542 77ZL 1 -7277 & .,.'-
_a_. ax 2335,187 -9 2,202. IR - S12 -. - JA ,.

-9662 *±..1 -: Inf ,- -212 42 1a f 6j9~ .cNC . e--! Qi-. -- iL -

971 M98A I. maxI 2335 187 91 1-955 9 ANQ. IRNQ- IR I -NC-

______ min -. -- 2140.0j8--:. ft z 1.1 A;N 7iCZ AR- -- £JI-
.9Z _____ -. max 2335.187 1,4J55... 2 I- AR.-4Q. .A~
.928.b L I:>N fl -' wi - .AD~ &f :j ~ ~~ tzI~ - ' "ISICLC
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Envelope Member Section Torsion (Cantinued)

max -335- . -"" R - .. - - - -R
wn -2140.018 -'-.791.2ft.' 6t -NC"';I :;NQ ;,T LNNi

S2n M99A& _L Max 1531,008 1, .W282. I9 JLZ.. NQ NQi. NC
.saa ?joi-" 2Z win -1624-612 f AL ZS....' 136 & .INCZ NQ. NQ O. . 7- 'NO2

83 Max 1531.008 -9- 1t282. -9- NGfl NC NC~c- NCJc-
n- in -.--1624612 -'-'NC --±NC;:- NC - Nil

max 1531,008 - a2 -9- NC N - N.
.gar, min -" cA1624.612'- 6. NG- -NQ Qt.iI~ L~ ,

987 4_ max
_____ .z in -12 62 f 1 jfl.36 . r. 1~ NQ NQ' tN

- jmax 131.008 gl 1282 A NQ Q NQ.QQ
'~--~-"-:36- jn'' 612.62*"f:L ,".',. ft.2Nu A "'.IA 3N '

.991 JMUffl& - Max 1017.201 -9- -9.I -.. -C NQ I I NQ N- -
.92.i- > :t.-1212,461 &t j'fjj ; -ft .J:1-lNQ z.NQ:;'I . &NQ

_LMax 1017201 & NQ.kL..,. NQ- I~-. I NQ... NC I.±c~
.1 max 1017.201 -9- NC NG NC --

-min 1*:-1212-461,, ft zLAA0iZ ft zNC-. ±4Nc .2 iNCSmax 1017201 9 X51 - NQ N NC
____ M in -1212461 .'" t22Lfl2 f ±. - iN- NC NC,

max 1017.201 -9- M 9 NC N NQ -

IfLf M'-"-Sin A*--212,461<* A-01;- ' I'tNGc .g ±C:, :NJQ- "Nr
II . max 1234.237 q_ 1033 a NQ N NQ NQ

100f2 7.£ win -1446.497 & f A.j~2111 & ftNQLfs-z 1ztNrs. j42 .i- NrC
-M 2 max 1234.237 .9 1D3L. . NQ I N NC -

104-+win '-1446.497--i 6 %-121. v 6.I. 1.-N mNCz.- .zNQ:!
1001_ 3 mrnax 1234.27 - 1-033 9 NQ I NQ NC

________ win -1446.497: <Kif 21ft2 NC" ;-,I -.

4 max 1234.237 -9- 1-03 9 NQ I NQ NQ2N
10081~~ 1 -in1 J446:497-> '-C ft zz.LQi -S ft IzN~ s c Ct '

5 j max 1234237 a 1 _
AmD ': in -1446,497,-' 1, -1d21L...1 61Cm :,[NC,- N12. "- *N

lii ...M102... I [max 1491,757 -9- 1,249 -9- NQ .12 N1Q. NQ ICNQ

"j, max 4AiI9jU.... 6 J24t I -- I'.:: 41.10.1 -. fr I ;.Imjn <-1694,447 if(L- zfICzlZzlCS&Jz

2 .max 1491757 1 ,49
t I '"fi 1694 447 6~kif~ 1 df ft <Nob -- N ' 'NQ L.L

3 max 1491757 5 1 9 NQ I NC NQ 1I.N
min 1  :l 694.447 ,d ft .,-,1-48J6DZ I NC: NC,' '-:NC,'... '

max 40 9 - 1J 9 -INQ NQ I Nman ,4fll A: jli2 &L ;m2 ~-,--c-max 
ji; C, N

7 t -,~ 1ii91 722a~i ifi 77C-0 :Q' -1NC t- it Q .. LNCZ- UI2.

023 4 max 4 9
maxi1310 1 1 ANQ NNQQ

1027 4 maxi13.0 91 12 9NNC N

12~' 316 !"NG-
4, max 1433.1 1. U NQ NQ NQ2 N

max 15711lMt& -',z1.316 if rNC

1297t09 A~' 11086 UY fi NQ NQm' NQ NQ2- ±8 1 2
1q34 _ _ _ _ mX 1297,091 &L-' * ,~ -L LN ii NC z n c z F

MID___ -- - :.1388.478 i atan...... &f 2A21fl ,2 ILl2. NS- mNG-- _ 1
105 - j____ max 1297.091 j 1S.. 2 -22.. NQ2. N - NQ-. 10.
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Envelope Member Section Torsion (Continued)
U__ Torn rfht j rk Torsion ShoalcJ &'wa..i.- Ic n - I

108 1t wTIin -1A47_ -116h2. A N.~Q..A.22. 2C NC,2
0391 __ 1 5max 1297091 _ -- C'I N

100 -Iin -1388-478 S1 -1-1f2 AL 'NC'.. .. zN ...
10411M0 .J I I max 1358-911 -9- L1,37 -9 NC2. NC 24.... NC~SQ.
1041: Imji *-1432.368* JLZL1992.'.. NC INztCt2AJ jycNQ!z-

W-max 1358911 -R- 1 NC NC NQ NQ

IMmin -1432.368 JL 1122ZZ.f-N I z NQ " .2NQZ .2NC2 t_____ 3 max 135R911 j 1.13 I N NC r -

IM mini -1432_368 6f 1'iti -1 .2 12. 6L 24NC .. z 'N .1242 _ Lmax 1358-91 91 1137 I 1 N - NQ - -

JM ___ *-1432368 61 zzi1~z - LI JCz. ZNC.J' INC'i"~
1049JA~f iL ax 115891 a 1 37.. J_. NQ2. NC2.. NC12 'Q1.

mt.'t in "--12311.35 r 1.31L- 6 %N NQN ,N
1053 Z 2 max 1175.817 _9 2984 2 N NC N

. ,n 123135 - r -N -i± t031"r
3max 1175.817 -- . -9 N C NQ C

-,- ~~,,..,-. ~ : ~ -1231.3 , 6t -~,031... 6 .NC'.. .I C 22J Z t zNCz
tmax 1175817 . M4 -2- N NC
min -1235i- -103 --NCj 'NQ 7 42 2l2z. .Q
max 1175817 -9- . 22NQ NQ NC. Nll win :-123135, &L .f. 0"TDZL .i Nr22 ". _
max r .t . ! NC"

L 4cC- N
J.QU~~.f M1072 J 1C ME 71,7 9z9--N NC 1

10631 2 max 715C971 9 J599 -9- NC NQ NC-NQ
10Q4-.j.- ;:'. mftj ah :-740,459 6 S -22 16 t 12 -- N :tNr: r c-

1m - ~max 715.971 9 .599 a N NQ N NQ
.;- wini -. 740.459 _:6A .. NCz....f 2: NC L £NC.u,

4 max 715971 9 J599 -2 NG NQ NC NC1Q68in g ..74fl5~z+~l1 4.NQ '-Lkl22.. N
1069 _ maxE 715.971 -9 -599 92 NC12 N- NC NC 2.-.22..

IVf m'' - ' in : .- A40_459 &L -6 C:N
ton F0I15. _J ax 471.315 -L M5~ _3L NC12 - NC2. NVC- NC42.

2-Z. ~ wi n47811 ZZC I Z 1 i22 ;N,
1073 2 max 471.315 3 JZ5 3 NC I NC - NC

max 4711 2 -7 t. --NQ - -

-m _L MaM 471-315 _3. . 3.....J95....... 3 NC.. 4 1.. - Q NQ -

S - - - .. -2
io7 ~ ~ _.=48- 11 max !1'65 -2- 22...... .3.. C 242..." 21NC- - .i --

1 4 Jmax 471,365 .395 z r NQ --

-flm1 m - fli45........ 2 J2L I.. .2 N.. NC22 t12 NC!12.i..

5 max 235656 -2- 197 NC NC I NC NC

lmi - - , 239.056:! -' N. . 2 s 2 .CZ '-NC 'I8.. 12 NC:

0128 -19 1- max 235S658 3 .197 3 NC - NQ -

1= - .2 max 235.658 .. 3 .197.L.... .3 ... NQ. - C NQ±J.. - NC2.
IJM Q -. J~-' 239.056 -2. ;.......~Z± .2 NQ8C 2Z ', zI 1Q.' '. N±Cm L

_3_ max 471 35 -L J97 2 NC NQ NC

102 1- -in :-,782311056:' -:'.- 2 Z NC,->±k-l z . , n 2 N t NC,
10871 4 ~max 2365 17 3NC INNCC

5 max 215 5 .97 3 NC _ NC - N.
1 _9_ m- n WQ :478.111.>. 2- . -.1572 C::C N 11 ;' NC:.

M110 _ _L 3 max 471-315 -3- C.. .3- NQ2 22.. 2 - N-- NC~
1Q2 flt. -478.111 ':z .5.z...2 ...±Lz4 2-±C2 -L 'NC 2 L: 'INC

RISA-30 Version 5.Od [C:RISA5\untitled.r3d} Page 92

A5-245



RPP-24544 REV Id

Attachment 4
DMJM H&N

Calculation #145579-B-CA-023 Rev 1
DBVS OGTS Bypass

Page 93 of 94

Envelope Member Section Torsion (Continued)

__Mebr a Tnlh-ff"I Jc.MzIAarftb . eyX I.,k - Lk - nw., -eo k,--
_A_ max 471,315 23- .14N I - I N N1

L - 1 ,.. 2 t. I NJ-
-ax 4 - 3

_____ max A flL 2 4.5 JA. -- a . --
jjflQ n in .478.1j Vr. -L Im .57z 2. w "NO .,Mt SucQ 7

Mil .. Jtt . .max 437,604 2.3 .143 N2 ..QI. NJ1C N- N.1O.- q
mi w': '.441 122.t." _L~*JjJ~-2 145 2 NC LQL LC- ZNC t.
max 437.604 3 43 NO NO N N.

2in2 NC-, jj2rtC-it, NO,. c2. ikQ& .I

max 437,604 2 . .1 3 - -

m~l r" m <<441.122 t, 21 1 -- :145S 2.c NJfl N____
max 437.604 2 .14 3 N J N NO

-M _5_ jmax 437.604 . 3AN I - NO N

-. N -" - -L2 . . - - ,r .1112 M12 1t max 279.13 J .09L J- NJQ. N N Nx
1113 2 max 27913 3 .091 1 2 N1 - N -

tIA Min .- ,<t.-27913!r -7:' 2 : LgaL t .2- JNCL. ''Q AlNC-t IA2 _,

max 279.1 2 S a91 - N C -

tino .'--_ ax 279.13 2Z ,Q9 e.2.o 2-- ... , .212... N- 212.. J NQ'..
mi ~. in 1=z-279 13 -2 L -9; ZNC&- zNflz NOc i 1N

m__ max 279.13 3 .091 3 N NO - I - O
fl2 lit -oj .m--279.13- -'1 2 it< 2 tCL U ." N z .

1i12 M.213. 1 max. 34.341 3 .D . 011. 342 - N42 N - .. NC-
1122 _______ win '-34.341 2z.DLZ.. .. tl Lt zz Czr

max 31 2 NI N NO -S 112A4 min--
Max 34341 -3 01-1 -3 - -I=7777 in1 4 :-4,41 2 z SiZ 2- 2NC- :tNC-,2 N. O iJ,'NQ12

1.127 ___,L Max 34341 -a 3i a O NO2. -C 21.. 22. 2.

1129 5_ max a4.3413max 34 I N
Ijflfl,,.I:- K- mi ;-, 34.341 1 L.. 'Qf.Z -2- s12 NC, 2 ;-.NO - NO A2... LNCZ

11311M114 i 8max924 21 M2NN I

max 4 - ZJ2- J , NO '12..
1133 m ax 68-924 2- 023 -2- NC N NO 1 -Nt1S--- 2

134 1 - '- '4 924 - -i .. --.. L ' .. .2 ' 2
min ______ -2-6-94 - ..Sa. 1 2. - NO NN2 NO11351 3 $max 68-924 2 a 2 - NO NQ I NO

max-03 2 C NNO N77-t W~ 714i 8 92402 '3D2 ' I N C 1.' NO1 - N i 2 12.
45 - max 68,924 2 423 2 N1 I NO N N-

4 max 58 .017 NO - NO N-

JA -3 ;7 e.c 7

- T4M~I:'"082- .:NC gtNCO A4
1143 2-'" Imi) '50802e> 2. .017< 2 NQC NC t NO NO

1145 j-2 max 50JQ2 2- -. 01R.-. 22 2 NQ N 12 N- N4Q~-
jLj&f Eft.- tt.5 .wn ~s5802 A .3 j-.jLz2L..-2Q. .zL .21...

max -2- .017 -2 N NQ NO NO
11-4a 7~-7 ' 'i o "= :a-'. a -L.f 2-'-' Qj : N

1149 max QD2 2- &IL17 .2- NO12 NC NO12 N1- 2
mj5 -4~vr in ", .k50.8O2Lf%!01 L"' NO i- ZE-~ N Ctf __ =N

151 M2 116.. max NQ NQS~ 2.Nf Q 21 - - 2 1 - -2 0 2
11LL mVAr tin -. '~2593~<' ZLx-0. L 2 I N' .4 . .5±j0- NQ t NC';

mini_ 625-i12 2LNCNCijiLS315__ maxI 25.931 2..JlC 2210 O I I M NO I "NO
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Envelope Member Section Torsion (Continued)
elmber. Re Toso Jrfftl k.kn nShrkik 'ex r.. W.t. Jr,.Z.aaL .

f .1;'r-: :' '. . ' in -25931 -3.. __008...... 3 NC .z1 N2 NC 21- . 1 .NC:S
11571 _ 4max 25931 1- .. 08 2 - NC I NC NC

1.15B.......... min -291~ .2.DBU.. .Z.C22 00 ..NC. N2 2C U NM
5 max 25931 NC N

min 'Ci-25 931--z. _008 -

tnR M117 1max 9903 .3 J_ NQ N NC NQ

2 max 9.903 2 . 2. M.003 N J NC

-ll. - A~S *-m ~9.0" I llQ .. Q. Z .22. 7 -1

3max 9903 2L -003 Z NQ I NC N N -

1ID-,< m in -.9903 _3LA 003. LZ-* 32. f2.NC;. 2; .JACz2- NC NCz;

1 _t_. I Max 27 M3 2- NC I NC N NC
1168 -'' - ml -1 003 ;N( ..LL..z ...22.. NUC -'N0 A 2: LNC2.

116f1 5 ~,max 2 f2. .003 2 NC - NC NC
11701 -z min -9,703 !-3.. -222 A3. 212 32CL -N 2C' . .NCZ
1171.- M118 1max 2071 .Z 0 Z. N. C... I Nr12 -NC- NC

1121mi -2.071 t ffi. 3 ff3 3 ,NC:, -- 2 2..N .22 INC 1

max 2.071 .2. 0 2 N N N
1174 min -2071 NC,?. I. NGZ..J a NC42 -1 zt .Cs

11751 _ 3 max 2071 0 2 NC NQ N NQ
tiflO ..2....... .. - min''~-.-0 1 . ;-:-':j 3 2 2 NC .. WC _NQ -,____._ .N

11 M .- r........ n ~.!'!-201 --J- . '-0 1;1 izN2....I NC;_ NC :,NC,,.,.
1179 .. aimax 2.071__ 2 0l....... 2± ..N C- NC NC12 I...22 NC.L1.1811 M19 A max 0 0 1NC I

- - ;12 f:..

1.1897 min __ __0__ _ !!, I.....Q........ NC NCl2. -NG.. .. ..
1.181 2..b~fft jmax 0 I 1 N NC 2 NQ

1.184 ' m.in 7~ljc 2z0. -t..i NC;;...1. NQ- ... .... ,-NC-m
11851 12.3.max 0 NQ NC NQ

18;1.12 '-.s ' ffjfl.mi 43.j 0 0. ... ±..NCL N.±CJ .212. N1 .

11871 4 Imax 00 J Q N CC

1 A max 0 a NC 1C N NC

1 max 471,315 a 1 NC I NC NC NC

9max
1200 -. in .4781 2 0 1 NC NC .NC NC_

0
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DMJ M i-rN
VERIFICATION & VALIDATION REVIEW AND APPROVAL FORM
SOFTWARE TITLE DMJM H+N DMJM lI+N COMPUTER ID NO.

SOFTWARE ID NO.
RISA-3Dl Rapid Interactive Structural

Analysis-3Dimensional 3D03875
VALIDATION PERFORMED BY (Print Name/Sigu): James VnAn h DATE: Noy. 10,2004

PURPOSE AND SCOPE OF VALIDATION:
PURPOSE:
The purpose of this verification and validation is to ensure RISA-3D produces reliable data consistent with industry standards.

SCOPE:
'Te scope of this verification and validation includes static analysis of structures fo deflection, stress, thermal loading, and 'code
check" values on standard steel shapes as well as tapered wide flanges and wooden stuctures.

REQUIREMENTS FOR SOFTWARE (INPUfr RANGE ETC):
Perform standard checks on sructures to detennine structmi adequacy.

REv. AFFECTED REVISION PREPARER APPROVEDBY DATE:

S All Initial V & V James Van Corbaeh 7 ___

DESCRIPTION OF SOFTVARE/USE:
RISA-3D is a three-dimensional struciural analysis modeling package used to reduce the length of time necessary to
calculate stresses/forces in structures by hand.

ORIGIN OF SOFTWARE: C2001 RISA Tehnolopies

REVISION DOCUMENT TITLE DATE

N/A N/A RISA-3D Rapid InteradivcSlructufl Analysis-3 N/A V&VREFERENCE
Dimensional Verification Problems I I

5.0d N/A RISA-3D Rapid Interactive Structural Analysis - 3 02004 USER MANUAL
- ~Dimensicnal version 5.0d Usr' Iud

MKThOD OFSOFTWARE VALIDATION METHOD OF HARDWARE VALIDATION

A. 0 COMPARETOIHAND CALCULATIONS A. 0 COMPARE TO HAND CALCULATIONS
B. E COMPARE TO VALIDATED COMPUTER B. 0 COMPARE TO VA LIDATED COMPITER
ANALYSIS RESULTS ANALYSIS RESULTS
C. 9 OTHER (DESCRIBE): Compare output to that in C. 0 OTHER (DESCRIBE): Compare output to that in
the V & V reference which compares previous output to The V & V reference which compares previous output to
both hand calculations and computer analysis results. both hand calculations and computer analysis results.
RESULTS: The Verification and Vaidation of RISA-3D on DMJMII'N computer i 102561 is acceptable.

ATTACH MENTS

Attachment Name Sheets

A RISA-3D Verification Problems 37-
B RISA Technologies Letter c

Total number of pages of this V&V, including Cover sheets and attachments - 86

Form EP3.10- F, March 2001 I of48
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DMJM H&N AECOM UBC1997-9Evaluat9 and AMIcafion of Seismic Force Components
.- ~n h .. ig ."."N.A".alsis of PC-2_uDuct and Duct Supports

The Demonstration Bulk Vitrification System Specification (RPP- 17403) provides a list of the
codes and standards to be applied in the design and analysis of the Demonstration Bulk
Vitrification (DBVS) project. The document by direct reference and through another listed
reference-Design Loadsfor Tank Farm Facilities [TFC-ENG-STD-06], CH2M HILL Hanford
Group, Inc. provides the requirements and design basis information for the structural design and
analysis of the DBVS facilities.

Further reference within TFC-ENG-STD-06 (per Section 3.6.5.1) requires earthquake loads
applied in the design of PC-2 SSCs to comply with the 1997 Uniform Building Code
(UBC 1997) for Seismic Zone 2B, essential facilities.

The UBC, as indicated in Section 1630.0, "Minimum Design Lateral Forces and Related
Effects," describes the general application and requirements for earthquake loads and states in
general that the vertical, seismic component may be taken as zero for Allowable Stress Design.

Further review of the UBC reveals in Section 1632 (Eq. 32-2): "Lateral Force on Elements of
Structures, Nonstructural components and Equipment Supported by Structures" was determined
appropriate for application in establishing the required, seismic forces to be applied in the design
of PC-2, ASME AG-1, HVAC systems and support structures. (Information from calculations
for the Off-Gas Treatment System Pipe Stress Analysis [i.e., Calculation 145579-V-CA-005] is
provided as an example analysis for reference.) In applications, such as those performed in
accordance with ASME AG-I, the 1/3 increase in allowable stresses normally permitted under
Section 1612.3.3 by the UBC code in the load combinations in Section 1612.3.2 would not be
implemented, rather, the load combinations, allowable stresses and deflection limits imposed by
ASME AG-1 would be applied in the design, based on the Service Level requirements of the
system.

Equation 32-2 from the UBC is evaluated as follows:

FP - [(apCalp)/Rp][l+3(hx/hr)]Wp

ap - 1.0 (0BC 1997, Table 16-0, Item 3.1, "Electrical, mechanical, and
plumbing equipment and associated conduit and ductwork and
piping).

Rp = 3.0 (UBC 1997, Table 16-0, Item 3.B, "Electrical, mechanical, and
plumbing equipment and associated conduit and ductwork and
piping).

Ca = 0.24 (Report of Geotechnical Engineering Services, AMEC, Earth &
Environmental, Report No. 4-94M-000310-660)

Ip = 1.5 (UBC 1997, Table 16-K)

hx = 45.69 ft (Element or component attachment elevation with respect to
grade. Actual dimensional references are from calculation

January 2006 Page 2 of 5
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145579-V-CA-005 for the Off-Gas Treatment System Pipe Stress
Analysis)

hr = 42.75

Wp

(Structure roof elevation with respect to grade. Actual
dimensional references are from calculation 145579-V-CA-005
for the Off-Gas Treatment System Pipe Stress Analysis)

(Weight of element or component)

Fr = 0.50Wp

Fp not required to be greater than the following:

Fp max = 4.0 Ca lp Wp (UBC 1997, Eq. 32-3)

Fp max = 1.44 Wp

Fp shall not be less than the following:

Fp min = 0.7 Ca lp Wp (UBC 1997, Eq. 32-3)

Fp min = 0.25 Wp

Fp = 0.50 Wp would be the total, design lateral seismic force applied in the analysis
performed under the UBC code.

The ASCE 7-98 (also a referenced design code in TFC-ENG-STD-06) provides design
requirements for analysis of ductwork, as described in Section 9.6.3.10, "IVAC Ductwork." The
following equation in Section 9.6.1.3-1 is referenced from Section 9.6.3.10 for determining the
seismic forces to be applied in the design of the ductwork and supports. The equation is
somewhat similar to that per the UBC, shown as follows:

Fp - [(0.4 ap Ss) lp/R1v [1 + 2 (z/h)] Wp

ap = 1.0

Rp = 2.5

S, = 0.5

Fa = 1.2

Ss =F.*S,=0.6

SDs = 213*Sms = 0.4

lp = 1.5

(ASCE 7-98, Table 9.6.2.2)

(ASCE 7-98, Table 9.6.2.2)

(ASCE 7-98, Figure 9.4.1.1)

(ASCE 7-98, Table 9.4.1.2.4a, Site Class C)

(ASCE 7-98, Equation 9.4.1.2.4-1)

(ASCE 7-98, Equation 9.4.1.2.5-1)

(ASCE 7-98, Section 9.6.3.10)

January 2006
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DMJM H&N AECOM UBC 1997-Evaltuation and Applicaion of Seismic Force Components
in the Design Analysis of PC-2 Duct and Duct Supports

z = 45.69 ft

h = 42.75 ft

(Height in the structure at point of attachment of component.
Dimensional references indicated are from calculation 145579-V-
CA-005 for the Off-Gas Treatment System Pipe Stress Analysis)

(Average roof height of structure relative to grade elevation.
Dimensional references are from calculation 145579-V-CA-005 for
the Off-Gas Treatment System Pipe Stress Analysis)

Wp (component operating weight)

Fr = 0.30 Wp

Fp not required to be greater than the following:

Fp max = 1.6 5ns Ip Wp (ASCE 7-98, Eq. 9.6.1.3-I)

Fp max = 0.96 Wp

Fp shall not be less than the following:

Fp min = 0.3 Sos Ip Wp (ASCE 7-98, Eq. 9.6.1.3-2)

Fpmin = 0.18Wp

Fp - 0.30 Wp would be the total design lateral seismic force applied in the analysis
performed under the ASCE 7-98 Standard.

Total seismic force, E for application in load combinations per ASCE 7-98, Section 2.4.1 Is
determined as defined under Section 9.5.2.7, "Combination of Load Effects," as follows:

E - p QE + 0.2SDs D

QE = F, PP = 1.0

(ASCE 7-98, Eq. 9.5.2.7-1), (D, Effect of Dead Load)

(ASCE 7-98, Section 9.6.1.3)

The horizontal and vertical components as shown are summed for application in the load
combination, however the more appropriate application of these components in the analysis is by
vectorial combination of the components by square root of-the-sum of the squares, as follows:

Horizontal Seismic Force Component, Eli = 0.30 Wp

Vertical Seismic Force Component, Ev = 0.08 D

E = [(E1)2 + (Ev)2Jf

E - 0.31 (Combined SRSS)

The ASCE approach provides a less conservative loading using the SRSS value, as compared to
the loading per UBC.

January 2006
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InteDesign Anaysis or PC-2 Ductand Duct Supports

Based on the preceding information and considering that the UBC 1997 is the principal code for
determining the earthquake loads for this analysis, sufficient direction and basis is presented to
provide a conservative design for the subject ductwork and support system, and application of
other referenced codes is not necessary.

References -

ASCE 7-98, Minimum Design Loadsfor Buildings and Other Structures, American Society of
Civil Engineers, Reston, Virginia.

ASME AG-1, Code on Nuclear Air and Gas Treatment, American Society of Mechanical
Engineers, New York, New York.

CII2M HILL, 2005, Demonstration Bulk Vitrification System Specification, RPP-17403,
Revision 3, CH12M HILL Hanford Group, Inc., Richland, Washington.

TFC-ENG-STD-06, Design Loadsfor Tank Farm Facilities, Revision A, CH2M HILL Hanford
Group, Inc., Richland, Washington.

UBC, 1997, 1997 Uniform Building Code, International Conference of Building Officials,
Whittier, California.
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DMJ M N Task/Project #:

CALCULATION DESIGN VERIFICATION A77977
CHECKLIST

Calculation Number: 145579-B-CA-023 Revision Safety Related
DBVS OGTS Bypass Structural Analysis I N/A

Reviewer/Checker (print name): Douglas M. Chenault Date

Reviewer performed or supervised subject calculation. 3/26/2006
XNO YES Justification Attachment _,_ _ pages

Ahemate Verification method approved N/A Method

IrEM(S) CHECKED Accept OBJEC1VE INIT1AIJ
Y/N EVIDENCE DATE

Sheets
1. Cover forms properly Completed. Y I of 157 DMCt3/26/06
2. Calculation Sheet headers complete with calc.

no., rev., etc. Y I thru 31 DMC/3/26/06
3. Calculation Sheet contents complete per format. Y 2 thru 31 DMC/3/26/06

4. Listed attachments included. y 32 thru 157 DMC3/26/06

5. Calculation Objective clearly described. Y 2 Section DM03/26/06
0,_.10 ,1.2

6 Criteria are suitable and properly referenced to Y 3 Section DMq3/26/06
task-specific documents. 2.2

7. Assumptions and data described and attached or Y 3,4 Section DM03/26/06
referenced to task documents. 2.3

8. Calculation method identified and appropriate Y 6,7, & 8 Section DMC/3/26/06
for the design activity. 4.0

9. Calculation results reasonable and correctly Y 8, 9, &10 Section DMC3/26/06
described in Results and Conclusions. 5.0

10. Computer Program identified with version and Y 6 Section DMC/3/26/06
revision. 4.0

11. Computer Program references method used, etc. N/A

12. Computer input/output provided. Y I tha 94 Attachment DMC/3/26/06 t

13. Computer run traceable to calculation. Y, I thU 94 Attachment DMC/3/26/06
header 4V

14. Computer input data within permissible design Y 7 thrn 27 Attachment DMC13/26/06
input range. 4 1

15. Computer Program validation/verification 6 Section DMCI3/26/06 /
addressed. Y 4.0

REMARKS:

D. M. Date 3/26/06
Reviewer/Checker Signature
Printed Name

Form EP 3.3-3F, Dec. 2000
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Subcontractor Calculation Review Checklist
DBVS OGTS Calculations

Page I of I

Subject: Off-Gas Treatment System

The subject document has bien reviewed by the undersigned.
The checker reviewed and verified the following items as applicable.

Documents Reviewed: 145570- B-CA-023, By-Pass Structural Analysis

Analysis Performed By: DMJM/AMEC

* Design Input
* Basic Assumptions
" Approach/Design Methodology
" Consistency with item or docunient supported by the calculation
* Conclusion/Results Interpretation
* Impact on existing requirements

Checker (printed name, signature, and date)

Tom Mackey c t Z. '.

Organizational Manager pinte ame, signature cnddatc)

Mike Sutey W

The drawings need to be updated to match the analysis. Calculations are needed for each duct
support type. Detailed location of duct supports needs to be shown on the drawings. Update
calculations to clearly state that the duct is analyzed to 0.5 Wp.
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